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The Influence of Size of Kindergarten 
Group upon Performance’ 


Heten C. DawrE 


HE relative merit of large and 
small classes and of the various 
seating positions within the 
group has been of considerable interest 
to teachers and workers in the field of 
education and psychology, but investi- 
gations of the problem have been con- 
fined to the elementary grades and to 
classes at high school and college level. 
The present study aims to determine 
the effect, at kindergarten level, of the 
size of the group and of the child’s po- 
sition in that group upon the amount 
learned and upon the contributions 
made to group discussion. 

The earlier studies (as summarized 
by Hudelson (4)) are not, of course, in 
complete agreement, but the majority 
find: that there are no differences be- 
tween large and small classes in terms 
of student accomplishment, that large 
classes do not penalize the student and 
that, in some instances, students in large 
classes surpass those in smaller ones. 

Studies of the effect of seating po- 
sition (1, 2) on student grades agree 
that students in the front center of the 
room receive higher grades than those 
at the sides and rear. 


1From the Institute of Child Welfare, 
University of Minnesota. The writer 
wishes to thank Dr. Josephine C. Foster 
for her many valuable suggestions and the 
teachers of the cooperating kindergartens 
for their generous assistance which made 
this study possible. 


The results of such investigations 
are suggestive but the conclusions de- 
rived from them can not be applied 
directly to the kindergarten situation, 
for in the first place the criterion as to 
what constitutes a large or a small 
group varies considerably from one 
study to another, (a “small’”’ univer- 
sity class is often larger than a “large”’ 
kindergarten group) and furthermore 
the subjects chosen are pupils in the 
elementary and upper grades where 
the learning situation is a more strictly 
formal one. 

The first part of the present study 
was concerned with the amount which 
kindergarten children retained from a 
single reading of a new story; the sec- 
ond part was concerned with the de- 
gree to which the children entered into 
a discussion of material presented to 
them for the first time. Both parts of 
the study were carried out in all the 
schools in which we worked. 

For the first part of the study, the 
material used was a modified transla- 
tion of “La Gironata de Titi,’ 992 
words in length with 13 illustrations. 
The kindergarten teacher read the 
story to the group of children without 
comments or explanations except in so 
far as it was necessary to answer the 
children’s questions. Such questions, 
however, were very rare. After read- 
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ing each page of text, the teacher dis- 
played the illustration accompanying 
that page. 

The subjects used were 433 kinder- 
garten children in nine Minneapolis 
public schools. Of the children, 190 
attended the afternoon session (first 
semester) and 243 the morning session 
(second semester of kindergarten). 
The groups ranged in size from fifteen 
to forty-six children. 

On a seating chart the observer re- 
corded the position of each child. Row 
1 contained those children who were 
next to the teacher, row 2 those who 
had one child between them and the 
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that’s right” or “That’s just what hap- 
pened;” an incorrect answer was ig- 
nored unless it affected the rest of the 
story in which case the observer said 
“No, it wasn’t quite that way” and 
then gave the correct version. 

The child’s score was computed by 
giving 2 credits for each correct answer, 
1 credit for each partially correct 
answer and deducting 1 credit for each 
wrong answer. The possible range for 
total scores under this plan was from 
—7 to 14, but to avoid the use of nega- 
tive scores 7 was added to each score, 
thus making the possible range from 
0 to 21. 


TABLE 1 
Mean score on story for boys and for girls, AM and PM 





BOYS 


GIRLS BOTH SEXES 





Mean 
score 


Number 
of cases 


Number 
of cases 


Number 
of cases 


Mean 
score 


Mean 
score 





12.24 
11.25 
11.82 


AM group 





Both AM and PM............ 





126 
91 
217 


12.25 
11.69 
12.14 


117 
99 
216 


12.37 
11.48 
11.98 











teacher, etc. ‘Center’ included the 
three vertical rows of children directly 
in front of the teacher. “Right” in- 
cluded those sitting outside of this sec- 
tion at the teacher’s right; “Left” 
those at the teacher’s left. 

On the day following the reading of 
the story each child was questioned 
individually by the observer. In this 
examination the story was retold very 
briefly to the child with 7 questions on 
different episodes interrupting the con- 
tinuity of the story. Colored paper 
dolls representing the characters in the 
story were shown to the child at this 
time to heighten interest. A correct 
answer was recognized with a ‘Yes, 


The scores which the children actu- 
ally received range from one to twenty- 
one with an average score of 11.98 
+3.84. The average scores for boys 
and girls and for morning and after- 
noon children are presented in table 1. 
In all instances the scores for the after- 
noon children fall slightly below those 
of the morning children. Although 
sex differences are practically negli- 
gible, the girls receive slightly higher 
scores. Figures la and 1b represent 
the frequency distribution of the scores 
for morning and afternoon, and for 
boys and girls. In general the scores 
fall into a normal curve of distribution. 

Figure 2 shows the distribution of 
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average scores by size of group. Dif- 
ferences between the groups are small 
but there is an indication that the 
middle size groups have the higher 
scores. A rank order correlation of .37 
shows that there is a slight positive 
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the low afternoon scores. When size 
of group and average score are corre- 
lated for the morning groups the corre- 
lation drops to .10. The finding, then, 
of such a slight positive relation justi- 
fies only the conclusion that, in agree- 


—— AM Second semester) 
@--— P.M.(First semester) 


Score 


Fig. la. Scores OBTAINED ON RECALL OF A STORY BY MORNING AND AFTERNOON SESSION 


> 4 3 


12 i6 i9 


il 
Score 


Fia. 1b. Scores OBTAINED ON RECALL OF A STorY By Boys anp GIRLS 


relationship between average score and 
size of group. However, since there 
are more small groups in the afternoon 
than in the morning and since the 
afternoon children receive lower scores, 
the correlation is unduly weighted by 


ment with the majority of studies re- 
ported in the literature, large classes 
do not penalize the scores of the mem- 
bers. 

When the average scores are com- 
puted for the various positions within 
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the group the differences by row 
(shown in table 2) are again inconsist- 
ent and negligible; although the scores 
for the center position are slightly 
higher than those for left or right in 


To exclude a possibility that the 
greater number of small schools might 
be concealing a possible real difference 
between the extreme positions, the first 
two rows and the last two rows in the 


ea igiel 4d Isl oer ae 


16 





_ 
nN 


_ 


Mean score om story 


>» 2 DBD 2 2 ome 


a aS a a 
Size of Kindergarten group 


42 44 46 


Fig. 2. DistRIBUTION OF MEAN ScORES ON THE STORY BY SIZE OF KINDERGARTEN GROUP 


TABLE 2 
Mean scores on story by seating position 





MORNING GROUP AFTERNOON GROUP 


POSITION 





Number 


Number 
of cases 


of cases 


Mean 8.D. Mean 8.D. 





12.74 
12.44 
12.26 
12.38 
11.27 
12.23 
12.49 
12.37 


3.02 
3.21 
4.25 
3.66 
3.45 
4.09 
3.23 
4.05 


11.14 
11.52 
11.79 
11.20 
12.07 
11.31 
11.65 
11.38 


3.78 
3.30 
2.95 
3.32 
3.45 
3.14 
3.59 
3.32 


Left Rows 
Center Rows 
Right Rows 























both the morning and afternoon, the 
scores overlap considerably and the 
differences are so slight that no one 
position can justifiably be considered 
superior to the others. 


two largest schools were compared. 
In these schools 29 children sat in the 
front rows in the morning, 30 in the 
afternoon; 27 sat in the back rows in 
the morning, 30 in the afternoon. The 
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average scores are slightly higher for 
the back two rows in the afternoon 
sessions (11.43 as compared with 
10.86) while in the morning this rela- 
tion is reversed (12.72 as compared 
with 12.48). 

Certainly all the data warrant the 
conclusion that size of group may have 
a slight positive effect, while position 
in the group has no demonstrably con- 
sistent effect upon the amount of in- 
formation the children retain after 
hearing a story read to the group. We 
may conclude that large and small 
groups offer an equal opportunity to 
learn this type of material and that in- 
dividual differences in score are not 
affected to any great degree by the 
child’s seating position. This finding 
agrees in general with studies of class 
size as reported in the literature, al- 
though these studies are concerned 
with a more formal type of learning 
and instruction and with older chil- 
dren, for the majority find either that 
class size has no appreciable consistent 
effect on learning or that children in 
large classes learn equally as well as 
those in smaller ones. 

For the study of the effect of size of 
group and position within the group 
upon participation in discussion, we 
used a large brightly painted Noah’s 
Ark containing eight pairs of animals 
three inches in height—elephant, cow, 
horse, pig, goat, bear, giraffe, and 
camel. 

The teacher conducted a group dis- 
cussion, stimulating conversation from 
the children by questions chosen from 
several possible leads suggested by us 
or by questions of her own. During 
the first ten minutes of the discussion 
the observer kept a record of the num- 
ber of remarks contributed by each 
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child. One word answers made in 
chorus were not recorded. 

The subjects were 460 children in 
17 groups ranging in size from four- 
teen to forty-six. Two hundred and 
three of the children were attending 
the first semester of kindergarten; 257, 
the second. 

The average number of remarks per 
child for boys and girls, and for morn- 
ing and afternoon children are given 
in table 3. Differences between morn- 
ing and afternoon children are very 
slight and are not consistent. Inter- 
estingly enough the boys contribute 
more remarks than the girls.2 This 
difference is more pronounced when 
the percentage of total number of re- 
marks is computed. Table 3 also 
shows that the girls are more often 
silent than the boys. Whether this 
means that kindergarten boys are in 
general more talkative than are girls 
or that the material which we were 
using was more interesting to the boys, 
is not clear. 

The differences in the average num- 
ber of remarks per child according to 
size of group are presented in figure 3. 
Here there is a definite difference in 
favor of the smaller groups, for the 
smaller the group, the more remarks 
each child contributes. In a group of 
14, for instance, the average number 
of remarks per child is 6.71, while in a 
group of 45 the average is only 1.20. 

It is obvious that in a period limited 


2 Hall (3) in 189i, gave information tests 
to 200 five and six year old children. The 
boys excelled in knowledge of animals. Hall 
also reported that Hartmann, testing 1312 
children from 5} to 63 years found that boys 
excelled in concepts referring to animals. 

Probst (5) testing 100 children from 5.4 to 
6 years found boys superior to girls in con- 
cepts of animals. 
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to 10 minutes the more children there 
are in the group the less opportunity 
there is for each child to contribute. 
Accordingly, as the group grows larger 
one or the other or both of two con- 
ditions may occur. Either a smaller 
percentage of the children in the group 
will have a chance to contribute within 
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decrease as the size of the group in- 
creases. 

The results of this study show both 
these factors operating: the larger the 
group the greater is the number of 
children talking (rank order correla- 
tion between number talking and size 
of group is .82), but the percentage of 


TABLE 3 
Responses in discussion group 





MEAN NUMBER OF 
REMARKS 


PERCENT OF TOTAL 


PER CENT OF 
CHILDREN SAYING 
NOTHING 


NUMBER OF 


REMARKS MADE CASES 





Boys Girls 


Boys Girls Boys Girls Boys Girls 





2.22 
2.71 
2.97 


3.25 


Both AM and PM........} 2.90 








61.7 
52.3 
57.5 


38.3 
47.7 
42.4 


32.6 
36.1 
34.1 


41.4 
37.7 
39.7 


129 
97 
226 


128 
106 
234 
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Size of kindergarten group 


30.032 
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Fig. 3. Mean NumBer oF REMARKS PER CHILD BY SIZE OF KINDERGARTEN GROUP 


the time allowed; or, the total num- 
ber of remarks will fail to increase pro- 
portionately to the increase in the 
number of children in the group simply 
because there is a limit to the total 
number of remarks that can possibly 
be made within a definite time, and 
when this occurs, of course, the aver- 
age number of remarks per child will 


children who contribute lags behind 
the increase in size of group consider- 
ably (rank order correlation between 
percentage of children talking and size 
of group is —.58); at the same time 
the total number of remarks does not 
increase in proportion to the increase 
in size of group (rank order correlation 
between total number of remarks and 
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size of group is —.14), and the aver- 
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practical one since not all can be given 


age number of remarks per child in an opportunity to participate unless 


larger groups is too small to be ac- 


the discussion be so prolonged that it 


TABLE 4 
Average number of remarks per child for each seating position 





AM 





w 
5 


Mean 





Left Rows 
Center Rows 
TRIBE ROWS oo 5 noo ois cscs’ 








3.36 


we go 29 BDO ND 
SSALRSBVSS 


78 
70 
56 
40 
13 
88 
93 
76 


5.28 
2.44 
1.85 
1.42 

36 
3.43 
3.48 
1.89 














2.76 





counted for entirely by the fact that 
the time limit for all groups was the 
same. 

It must be borne in mind, of course, 
that the larger groups might not be 


TABLE 5 
Percentage of total remarks made in each 
seating position 
(weighted for number of children in each 
row) 





PERCENTAGE 
OF TOTAL 


REMARKS 
POSITION 


After- 
noon 


Morn- 
ing 





34.2 
25.1 
18.1 
13.0 

9.6 
30.2 
31.6 
38.1 


49.4 
20.5 
15.3 
11.7 

3.0 
38.8 
39.5 
21.5 


TWBIG BROWS. §. asc cs ccc ccc cece 
Center Rows 
Right Rows 











penalized so greatly if the time during 
which records were taken had been in- 
creased, but the finding is, in effect, a 


becomes fatiguing; as a matter of fact 
the usual discussion periods in the 
kindergarten program seldom last 
more than 15 minutes. 


TABLE 6 


Percentage of children saying nothing in 
in each seating position 





PERCENTAGE 
SAYING 
NOTHING 
POSITION 
After- 
noon 
Group 


Morn- 


ing 
Group 





26.9 
37.1 
32.1 
52.5 
69.2 
37.5 
36.6 
36.8 


21.4 
32.8 
52.2 
38.5 
64.3 
34.9 
38.2 
37.5 


NORPRO, «cv Saiesicacn ee 
Center Rows 
Right Rows 











Many of the kindergarten teachers 
reported they usually found it more 
difficult to elicit conversation from a 
small group. In a larger group the 
remarks of the other children stimu- 
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late conversation, while in a small 
group the teacher has to stimulate a 
greater share of the conversation her- 
self. Our results, however, show that 
there is a slight tendency for a greater 
amount of discussion in the smaller 
group. It may be more difficult to 
initiate the discussion, but once started 
the children in a small group, at least 
in so far as a discussion of this type is 
concerned, talk more than those in a 
large group. 

When the results are tabulated by 
the child’s position in the group, we 
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contribution at all to the discussion, 
the same tendency is apparent (table 
6). Thus, 69.2 per cent of the chil- 
dren in the last row are silent, whereas 
only 26.9 of the children in the first row 
say nothing. The corresponding fig- 
ures for the afternoon children are 
64.3 and 21.4. 

The differences between left, center 
and right are inconsistent and so slight 
that the only conclusion justified is 
that, under our conditions at least no 
one position is more advantageous 
than another. 


TABLE 7 
Changes in seating positions on successive days 





DISTRIBUTION OF CHILDREN ON THE TWO DAYS 





Row 1 


Row 2 Row 3 Row 4 Row 5 





Story-day 
Discussion-day 


24.8% 
30.6 


29.4% 
28.9 


24.3% 
21.6 


12.6% 
11.6 


6.3% 
4.6 








PERCENTAGE SHIFTING 


THEIR POSITION ON THE SECOND DAY 





No rows 


lrow 2 rows 3 rows 4 rows 





Morning group 
Afternoon group. ................. 


24.5% 
29.0 





42.2% 
41.9 


24.5% 
22.3 


6.0% 
5.5 


2.5% 
1.1 

















find a consistent tendency (though 
there is overlapping) for the number of 
remarks to decrease the further the 
child is seated away from the teacher 
(table 4). When the number of re- 
marks made in each row is expressed 
as a percentage of the total number 
made in the group (table 5) (allow- 
ance made for varying number of 
cases) we see that over a third of the 
remarks are made by children sitting 
in the first row, while those in the last 
row contribute a tenth or less. When 
the data are tabulated according to 
the number of children who make no 


It is possible that the talkative child 
tends to sit in front while the reticent, 
less assertive child chooses or is con- 
tent with a seat in the rear of the 
group. Our records of seating position 
on two different days show that more 
children sat in the front row for dis- 
cussion than for the story, suggesting 
that when certain children realize that 
new material is to be shown, they move 
nearer the front. The percentages of 
children sitting in different rows for the 
story and for the discussion are pre- 
sented in table 7. Generally speak- 
ing, however, the children’s positions 
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are relatively stable with an average 
shift of not more than one row. The 
average change in position and the 
percentage of children shifting accord- 
ing to number of rows moved are given 
in table 7. 

In summary, we may say that in- 
crease in size of group in the kinder- 
garten (at least between the limits of 
fourteen and forty-six) does not reduce 
the amount of a story which was re- 
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tained by the children, but that in- 
crease in the size of the group means a 
cutting down in the percentage of chil- 
dren who take part in a discussion, in 
the total amount of discussion and in 
the average number of remarks per 
child. Position in the group appar- 
ently does not influence the amount of 
a story, which these kindergarten chil- 
dren retain but does affect the extent 
to which they enter into a discussion. 
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A Tentative Report 


of the Influence of 


Nursery School Training upon Kinder- 
garten Adjustment as Reported by Kin- 


dergarten Teachers’ 


Hazeu M. 


HE attempt to justify education 

in the nursery school by demon- 

strable quantitative evidence is 
attended by the same difficulties as is 
similar proof of the existence of per- 
manent values inherent in education 
at any other level. Educationists 
produce triumphantly the achievement 
or educational test as evidence that 
educative process lends itself to the 
test of scientific measurability. This, 
in spite of the obvious shortcomings of 
such a type of measurement, namely 
(1) that much of the factual knowledge 
so measured is for all practical pur- 
poses lost in succeeding years, (2) that 
the value of such facts as are incul- 
cated in relation to the subsequent 
problem of living has never been 
quantitatively gauged, (3) that even if 
later value to the individual should 
yield to indubitable proof, more eco- 
nomical learning processes might be 
substituted for the long drawn out, 


1 Acknowledgment is made to the mem- 
bers of the child development staff, Miss 
Harriet Stillman, Assistant Director of 
Elementary Grades and Kindergartens, and 
the various kindergarten teachers who rated 
the subjects, Dr. Ruth Hubbard and to Miss 
Olive Young, who tabulated the material. 


CUSHING 


expensive, and frequently painful road 
adopted by the formal educationists, 
and finally (4) that of the half dozen or 
more objectives set up as educational 
goals, and presumably of approxi- 
mately equal importance, the achieve- 
ment test measures but one, namely, 
intellectual acquisition. Growth in 
social adaptability, emotional control, 
inner poise and serenity of spirit, 
ability to deal with new situations, to 
solve the complex problems of living, 
health, initiative, as well as the factors 
that go into the elusive item termed 
‘good citizenship,’ all rest obscurely 
up to date in the limbo of speculation. 

Despite such obvious limitations in 
attempts to measure the results of the 
schooling process in general, nursery 
school proponents must, nevertheless, 
join other educators in an attempt to 
test educational values accruing from a 
specific type of training. Only thus 
can education at the nursery school 
level justify its membership in the 
educational family as well as defend 
itself against all too glibly-hurled 
charges of faddism. 

There have been few attempts to 
measure the effects of nursery school 
training. In the studies reported it 
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has been the traditional or mental 
values of training which have been 
most frequently investigated—not, to 
be sure, in the sense of educational 
tests of formal subject matter which 
has no place in the preschool curric- 
ulum, but in relation to the quantita- 
tive and qualitative changes in mental 
capacity. 

Goodenough, Barrett and Koch, 
Woolley, Updegraff, Wellman, Kawin 
and Hoefer? have reported investiga- 
tions of this type. Although the 
evidence is somewhat conflicting, the 
net result to date yields no support of 
the theory that nursery training per se 
affects permanent changes in the 
mental status of the recipients of such 
training. 

As to the effect of nursery school 
training upon health and personality, 
there is even less available material, 
due, no doubt to the difficulties of 
isolating such intangibles and to the 
lack of suitable standardized measur- 
ing instruments. 

Comparing 470 records of nursery 
school children from two to six years 
of age with reports from three control 
groups, Updegraff (6) came to the 
conclusion that the nursery school 
which furnishes adequate daily health 
inspection reduces the incidence of 
communicable diseases. In other 
words, that ‘‘a school group so con- 
ducted is a more favorable environ- 
ment to prevent contagion than the 
home ordinarily is.” The specific 
diseases studied were chicken pox, 
measles, mumps, scarlet fever, and 
whooping cough. 

Campbell (2) studied the food habits 


2 See appended references. 
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of 33 children enrolled in the Merrill- 
Palmer Camp, 18 of whom had had 
nursery school training. The children 
ranged in age from 6 years to 13 years 
and 5months. A Food Habits Rating 
Scale was devised in accordance with 
Thurstone’s procedures. There ap- 
peared to be little difference in the 
food habits of the two groups. There 
was some evidence that the nursery 
school group ate more milk and 
vegetables. There was also some 
indication that the children who had 
attended nursery school most recently 
evidenced the better food habits. 
Food habits of siblings were more 
strikingly alike even when one of a 
pair had attended nursery school, than 
were resemblances between nursery 
school children in general. Hence the 
conclusion is that the home is a much 
more important factor than the nurs- 
ery school in forming food habits and 
attitudes. 

Walsh (7), using the Bonham- 
Sargent Scale, tested a group of 22 
nursery school children over a period of 
6 months. Compared with a similar 
group of controls, the experimental 
group became less inhibited, more 
spontaneous and more socialized with 
training. They developed greater ini- 
tiative, independence, self-assertion, 
self reliance, showed a greater increase 
of curiosity and interest in their 
environment, and developed superior 
habits of health and order. 

Taylor and Frank (5) of the Illinois 
Institute for Juvenile Research in- 
vestigated follow-up techniques for 
former nursery school children em- 
ployed in nineteen centers. They 
reported that in 1931 only 2 institu- 
tions, the University of California and 
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the University of Minnesota, appeared 
to have developed a well-defined plan 
of follow-up. They also gave a pre- 
liminary report of their own follow-up 
study of 38 children who have been in 
nursery school at least one year. At 
the time of re-examination most of 
the children were more than six years 
of age—a few had gone as far as the 
third grade. The follow-up consisted 
of physical and psychological retests, 
and ratings by mothers and teachers. 
These investigators felt that difficulties 
encountered and the small number of 
cases did not warrant any valid con- 
clusions. Personality difficulties such 
as temper tantrums and negativism 
noted as of frequent occurrence by the 
nursery school teacher appeared rarely 
to be present in the elementary school. 
They suggest as a possible explanation 
either that a large group and the 
impersonality of the teacher’s attitude 
tends to discourage such displays, or 
that due to pressure of work, the 
teacher is less likely to observe such 
phenomena. 

The preliminary study herein re- 
ported concerns the adjustment of 
nursery school children to the kinder- 
garten situation as estimated by 
kindergarten teachers. Frequent 
fears have been voiced by kindergarten 
teachers and also by parents to the 
effect that children experiencing nurs- 
ery school might be ‘spoiled’ for 
kindergarten, that they would be 
more or less blasé because of the 
similarity of materials presented at 
both levels, that the greater freedom 
granted in the nursery school environ- 
ment would militate against codpera- 
tive behavior in the more restricted 
and directed atmosphere of the kinder- 
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garten, that parents would be less 
satisfied with the kindergarten régime, 
that they would tend to expect much 
more personal consideration for them- 
selves and their children than is 
possible for the kindergarten teacher 
to grant in view of the large number of 
children committed to her care. 

The subjects. Over a period cover- 
ing approximately two years it was 
possible to get teacher ratings on 33 
children, 10 boys and 23 girls, who 
had received training in a demonstra- 
tion nursery school in session from 
8:30 a.m. to 3:00 p.m. The average 
nursery school attendance for the 
group as a whole was 172 days, the 
range from 81 to 326 days. Intel- 
ligence quotients based upon the 
Kuhlman-Binet Test® ranged from 93 
to 150 with the mean at 120. 

Practically all of the families in- 
volved ranked in the upper 50 per cent 
of the population in respect to socio- 
economic status. In general, the 
children upon leaving nursery school 
attended public schools in the better 
residential sections of the city. Hence 
the assumption is made that they 
were received into kindergarten groups 
of fairly similar social status. 

There were, however, two observ- 
able discrepancies between the nurs- 
ery school and the non-nursery trained 
kindergarten children. The former 
averaged four months younger than 
the latter in respect to C.A., the mean 
ages being 55 months and 59 months, 
respectively. The difference is statis- 
tically significant. 

As has been stated above, the 
average intelligence quotient for the 


3 In all but two instances. 
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nursery school group was 120. Com- . 


posite ratings based upon intelligence 
tests and teachers’ estimates, general 
adjustment and maturity were avail- 
able in the case of tern nursery school 
children who had passed into the first 
grade. In eight cases, the nursery 
school children ranked in the upper 
quarter; in two, in the upper half of 
the second quarter. It is thus ap- 
parent that with respect to intelligence 
the nursery school group as a whole 
probably ranked above the average of 
the kindergarten groups in which they 
were placed. Reference will be made 
to this point later in connection with 
the ‘control’ group. 

The raters. Adjustment ratings 
were made by nine different teachers. 
Nineteen children, however, were rated 
by 2 teachers only, 3 teachers rated but 
one child so that the scatter in respect 
to raters is not large as would appear 
at first glance. Each teacher was 
asked to rate the nursery school child 
from not less than three to more than 
six weeks after his entrance to kinder- 
garten and to send the blank imme- 
diately to the Child Development 
office. Without reference to her first 
rating, she was then asked to rate the 
child a second time at the close of the 
semester. Samples of typical behav- 
ior responses were grouped under the 
headings Health Habits, Social Adapta- 
bility, U se of Environment, and Person- 
ality Traits. The teacher was asked to 
check each one of these responses in 
two ways, first, as to the frequency of 
its occurrence, in terms of always, 
usually, frequently, seldom, or never, 
and second, as to whether the behavior 
noted was poorer than, better than, or 
average with reference to the typical 
behavior of the group as a whole. 
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In addition the teacher was asked to 
check the item most descriptive of the 
child’s response to the kindergarten 
environment as follows: enthusiastic, 
interested, indifferent, bored, rebellious. 
She was also required to evaluate the 
child’s adjustment on the whole, 
whether better, poorer or average as 
compared with that of the group. She 
also listed kindergarten activities 
which the nursery school child ap- 
peared to enjoy most and the materials 
he used most frequently and with 
greatest interest. She was asked to 
report as to whether the mother 
expected an undue share of attention 
for the child. 

The complete progress blank‘ is 
given on pages 312 to 314. 

Twenty-seven cases were rated both 
at the beginning and at the end of the 
semester, 4 were rated at the begin- 
ning only and 2 at the end only. 

Table 1 gives the percentages of 
occurrence for both the first and 
second ratings, together with results 
on a control group of 25 kindergarten 
children to be referred to later. In 
translating the items listed under 
personality traits in terms of desirabil- 
ity, it must be borne in mind that the 
less frequent the occurrence, the more 
favorable the behavior. The opposite 
is the case in the three other categories, 
health habits, social adaptability, and 
use of environment, where a high 
frequency of the behavior items indi- 
cates desirable responses. 

Differences between first and second 
ratings are noticeably small. This 
would seem to argue either for a 


‘Items were taken in part from records 
used at Merrill-Palmer School, University 
of Minnesota and the article by Taylor and 
Frank referred to above. 
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certain reliability in the ratings or to 
indicate that teachers have a certain 
generalized attitude toward children 
in the kindergarten in which the 
nursery school child shares. There is, 
however, a small but consistent trend 
toward a better rating on the second 
blank in all of the four categories. 
This may indicate (1) that the teacher 
has through a longer acquaintance had 
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venience. Less than 20 per cent of 
the ratings are below the average 
adjustment. Approximately 10 per 
cent fall in the high group, the major- 
ity of ratings lie in the average group. 

The general ratings which indicate 
the teacher’s impression of the child 
as a whole given in table 3, substan- 
tiate the itemized ratings except that 
more nursery school children are 


TABLE 1 
Frequency of occurrence ratings in terms of percentage 





ALWAYS 


FRE- 
QUENTLY 


NOT RE- 
PORTED 


USUALLY SELDOM 





Health habits: 
27 
37 
49 


38 
38 
51 


31 
42 
43 


Rating II 
Control 





11 
13 
6 


13 
7 
6 


19 10 
18 8 
12 9 


12 
15 


19 
13 
16 


10 
16 
8 


51 
74 




















more opportunity to observe the 
child’s responses, (2) that real learning 
has taken place during the semester, or 
(3) that the child has become some- 
what more of a conformist, owing to 
the social pressure put upon him in the 
new environment. 

Table 2 indicates the extent to which 
the behavior of the nursery school 
children accords with that of the 
group. Results for the control group 
are also given for the sake of con- 


rated better than average, the per 
cent being approximately 20, as against 
10 per cent indicated in table 2. 
These figures may indicate the tend- 
ency of raters to avoid extremes. In 
any case, however, they do not seem 
to warrant the assumption that the 
nursery school child adjusts with 
great difficulty to the demands put 
upon him by the kindergarten en- 
vironment. 

It was possible to check in a 
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measure the validity of the general 
ratings. Each child was rated sep- 
arately on a five point scale by the 
two nursery school teachers who knew 
him best in respect to his general 
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related against the total adjustment 
ratings of the kindergarten teachers. 
There was a fair degree of agreement 
(r = .37 +.10) between the kinder- 
garten teachers’ general estimate of 


TABLE 2 


Comparison of behavior of nursery school children with kindergarten group as a whole in 
respect to the four categories in terms of percentages 





LOWER 


AVERAGE HIGHER NOT REPORTED 





Health habits: 





74 11 10 
72 7 14 
71 7 13 


12 
11 
17 


7 
13 
11 


11 26 
16 26 
10 12 














TABLE 3 


Comparative adjustment ratings in terms of 
percentages 





AVERAGE 
POORER 
NOT REPORTED 





26 
21 
28 


me D> or 
m Dd bd 
83 iS B8 
m bo 
owe 

















adjustment to the nursery school 
situation. Intercorrelation between 
these two pairs of ratings were .903 
+.03 and .74 +.07 respectively. 
The average ratings were then cor- 


the child and that of the nursery 
school teachers. 

No nursery school child was rated as 
bored or rebellious in his attitude 
toward the kindergarten either during 
the initial period or at the end of 
the semester. Practically all were 
rated as ‘enthusiastic’ or ‘interested.’ 
Table 4 presents these ratings in 
terms of percentages. 

Ten per cent only of mothers were 
found to be inconsiderate in their 
demands upon the teacher’s time. 

In order to check further the 
validity of the ratings the same teach- 
ers were asked to rate approximately 
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the same number of non-nursery school 
children. They were asked to pick 
the younger children in the group in 
order to equalize the factor of age as 
nearly as possible. For administra- 
tive reasons ratings had to be secured 
before the end of the semester. It was 
possible to secure only one rating for 
this group. This was not considered a 


TABLE 4 


Response to kindergarten situation in terms of 
percentages 








or 
on | INTERESTED 


= 
Sow | =orrereNt 
coo | BORED 
coo | REBELLIOUS 


o> 
S35 | swrsusrasttc 
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in Health Habits, Social Adaptability, 
and Personality Traits. In Use of 
Environment nursery school children 
excel slightly on the second rating. 
Refer to table 2. When the teacher 
rates the behavior as low, average, or 
high in comparison with that of the 
group, however, the situation is re- 
versed and the nursery school group 
maintains a slight superiority in all 
categories. (Refer to table 3.) 

The attitude of the non-nursery 
mothers shows that 12 per cent expect 
the child to receive an undue share of 
the teacher’s attention as compared 
with 10 per cent of the nursery school 
mothers. 

Few differences appeared between 
the two groups in regard to the use of 
materials or choice of activities. 
Blocks, crayons, paper, paste, plasti- 


TABLE 5 





DAYS OF ATTENDANCE 


CHRONOLOGICAL AGE |INTELLIGENCE QUOTIENT 





Range 


Mean 


Range Mean Range Mean 





Nursery group rating 1 
Nursery group rating 2 
Non-nursery control 


9-36 
50-88 
16-35 





20.7 
71.7 
27.3 ° 


45-64 
55-66 
58-60 


55.4 
59.6 
59.5 - 


93-150 
93-150 
75-129 . 


120 
120 
107.3-. 











serious handicap, however, since the 
earlier part of the study indicated 
considerable conformity between first 
and second ratings. Twenty-five 
cases, 10 boys and 15 girls, comprise 
the control group. Attendance in 
kindergarten for this group averaged 
27 days. 

Table 5 shows in comparison number 
of days of attendance, the chronologi- 
cal ages and intelligence quotients of 
the two groups. 

A comparison of ratings indicates a 
slight superiority for the control group 


TABLE 6 





RATING I 
RATING II 
CONTROL 





Number of materials 


> 
C=) 
fr) 
a 
= 


Number of activities 
listed 55 56 33 














cine, scissors and sewing appeared 
popular with both groups. It is 
significant, however, that both in 
regard to the amount of material 
used and total number of activities 
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listed the nursery school exceeded the 
control group considerably. Total 
number of choices is indicated in 
table 6. 

Summary. In this preliminary 
study of the adjustment of nursery 
school children to kindergarten there 
would seem to be no evidence that the 
nursery school trained child makes an 
inferior adjustment to kindergarten, 
despite his handicap in chronological 
age. The 33 children rated were 
about 4 months younger on the aver- 
age than the kindergarten group with 
which they were placed. Although 
intelligence quotients were not avail- 
able for the kindergarten group as a 
whole, it is probable that the nursery 
school group were superior in this 
respect, since only two children out 
of ten ranked in the normal group, 
the rest having intelligence quotients 
above 110. 

When compared with a group of 
non-nursery kindergarten children of 
similar chronological age, no striking 
differences were observed. The nurs- 
ery school group, however, did appear 
to be rated somewhat superior in their 
total adjustment to the situation and 
considerably more so in _ general 
attitude. 

Mothers of nursery school children 
do not appear to be more demanding 
of kindergarten teachers than mothers 
of non-nursery trained children. 

Derogatory remarks concerning the 
adjustment of nursery school children 
to kindergarten on the part of kinder- 
garten teachers may frequently ema- 
nate from experiences with isolated 
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cases to which any of the following 
factors may be contributory: 


1. The lower chronological age of the 
nursery school child combined fre- 
quently with high intelligence— 
such a child tends to present a prob- 
lem in a conventional school group 
at any level. 

2. The freedom and lack of restriction in 
the nursery school which may run 
counter in some instances to the 
greater conformity demanded in the 
kindergarten. 

3. The use of initiative stressed in nurs- 
ery school as against passive par- 
ticipation in the more directed 
types of activity of the kinder- 
garten. 

4. The fact that it is highly probable 
that a selective behavior factor 
influences enrollment in the nursery 
schools, that is, a higher proportion 
of ‘difficult’ children probably find 
their way to nursery schools as they 
are set up at present. 

5. A certain antagonism and distrust of 
the nursery school on the part of the 
kindergarten teacher, so that she 
may unconsciously be more highly 
critical of the nursery trained child. 

6. The fact that the term ‘nursery 
school’ is used at present to convey 
a variety of situations and a varied 
length of training. There is a cur- 
rent tendency to loosely character- 
ize any child who has ever attended 
any sort of preschool group for any 
length of time as a ‘nursery school’ 
child. 


Certainly much research is needed 
before facts can be stated with any 
degree of finality in regard to the 
effect of nursery school training upon 
the subsequent progress and adjust- 
ment of the child. 
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PROGRESS BLANK 
CuILD DEVELOPMENT AND PARENT EpucaTION 


ROCHESTER, NEW YORK 


Nursery school 
Address of nursery schoo! 
Attended from 

(date and year) (date and year) 
Total attendance in nursery school days. Public school number 
Total attendance in kindergarten days. Age entered kdgtn 
Kindergarten teacher 


Go through the questionnaire and check Column I. 
Then go through it a second time and check Column II. 


Method of Scoring 
Column I 
A—child always expresses behavior. 
U—child usually expresses behavior. 
F—child frequently expresses behavior. 
S—child seldom expresses behavior. 
N—child never expresses behavior. 


Column II 
L—child exhibits behavior in less degree than average of group. 
A—child exhibits behavior corresponding to average of group. 
H—child exhibits behavior in higher degree than group. 


Check all items somewhere on the scale but put a question mark (?) after 
judgments of which you are not sure. 


Column II 
HeattH Hasits AH 


Uses handkerchief when needed 

Protects others when sneezing or coughing 

Attends to toilet needs independently 

Washes hands after toilet 

Washes hands before handling food..................... 
Refrains from putting objects to mouth 


Soctat ADAPTABILITY—EMOTIONAL BEHAVIOR 
Seeks companionship with other children 
Coéperates in group projects 
Gives creative suggestions in group activities 
Respects rights of others 
Is kind and helpful to others. ............... 0.0 ee eee eee 
Adjusts readily to new situations 
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Shows a reasonable degree of self control in conflict with 


Appears happy and content in school environment 

Is willing to accept authority when occasion demands. . . 
Is satisfied with normal amount of attention from teacher. 
Refrains from seeking undue attention from children. . .. 
Exhibits independence in putting on wraps 

Accepts correction in good spirit 

Is liked and included in group activities 

Shows a willingness to share 

Refrains from baby talk 

Is free from other speech difficulties..................... 


Usr or ENVIRONMENT 
Exhibits initiative in undirected activity 
Exhibits initiative in directed activity. ................. 
Has sustained attention until task is completed 
Shows curiosity and interest in surroundings 
Is creative with materials in environment 
Shows reliability in care of materials................... 
Displays ability to lead 
Displays ability to follow 
Runs with ease 
Skips with ease 
Hops with ease 
Handles tools and materials well 


PERSONALITY TRAITS 
Check the degree to which the child shows the following behavior: 


Temper tantrums 
Negativism 
Fighting with other children 


NEN ee Solo ios eC cae dv a Ra a aetcs ve aes seeks 
Whining 

Cruelty 

Tenseness 

Timidity 

Secretiveness 

Seclusiveness 

Distractibility 

EOD Soc cesses Oe ca eaeko0a pad eens 
Attacking other children 

Destructiveness 

Day dreaming 

Emotional instability 

Enuresis (diurnal) 

Finger sucking 
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Masturbation 
Nail biting 
Nose picking 
Hyperactivity 


List any other undesirable personality traits shown by the child: 


Check the term which best describes the child’s response to the kindergarten situation: 


Indifferent 


Interested 
Rebellious 


Enthusiastic 


Kindergarten teacher’s own evaluation of the nursery school child’s adjustment: 


On the whole: 


(1) Does the child show a better or poorer adjustment to the kindergarten environ- 
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Children’s Motor Learning With and 
Without Vision 


Ruts Taytor Me.icHer 


THE PROBLEM 


HETHER data from the vis- 
\ \ ual processes or from tactual- 
motor manipulation are pre- 
dominant in the acquisition and 
performance of skilled acts has been 
investigated by various methods with 
animal and adult human subjects, but 
there have been few attempts to study 
the relationship directly in the early 
stages of ontogenetic development. 
The specific problem of this experiment 
is the determination of the relative ef- 
fectiveness of visual versus manual 
cues in the motor learning of young 
children. 

Since motor learning ordinarily con- 
sists of a series of spatial codrdinations, 
the ultimate problem involves the rela- 
tive importance of visual and tactual- 
motor sentienda in the organization of 
our spatial perceptions. The ques- 
tion is whether stimuli from the visual 
processes (including all the kinesthetic 
sense data from eye-movements) are 
in themselves sufficient and initially 
dominant in producing spatial ideas 
and appropriate motor responses, or 
whether the sensory receptors in the 
responding organ itself must give the 
stimulus initially. In the latter case 
there are two alternatives: either these 
spatial codrdinations, learned only 
through manipulation, guide and edu- 


cate the visual perceptions, or the two 
systems are entirely independent origi- 
nally, and become coédrdinated only 
through their association in use. 

Prior to Berkeley, vision and touch 
(including movement) were held to 
be practically interchangeable sense 
modes. Berkeley (1) was the first to 
draw a sharp distinction between the 
reports of the two senses, and to con- 
tend that notions of space are not in- 
trinsic to vision, but are built up 
through the movement and tactual ex- 
perience of the individual. This the- 
ory directed attention to the experi- 
ences of those born blind, who later 
gained their sight through operation. 
This literature has been critically re- 
viewed by von Senden (31), who came 
to the conclusion that the blind have 
no true spatial consciousness, but that 
this is bound up with visual perception. 
None of the observations on the blind 
were experimentally controlled. 

The difficulty in arriving at any con- 
clusion as to the origin of space habits 
in normal human adults obviously lies 
in the fact that they are already 
formed long before it is possible to 
bring them to the laboratory. To 
overcome this disadvantage, some in- 
vestigators have attempted to break 
up the habits formed and observe new 
ones in formation through distortion 
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of the visual world by means of pris- 
matic lenses. 

Stratton’s (32) pioneer work with a 
monocular lens reinverting the retinal 
image led him to the conclusion that 
visual direction was not dependent 
upon tactual direction. Wooster (38), 
following Stratton’s method, found 
that visual perception of the amount 
of error was the most helpful single 
factor in mastering a new space habit, 
and was as efficient as the tactual and 
kinesthetic factors combined in active 
touch. Ewert (11) agreed as to the 
primacy of visual receptors in spa- 
tially codrdinated activity within the 
field of vision. He emphasized the 
typical motor learning curves of his 
subjects and contended that the proc- 
ess of reéducation after distortion of 
the visual field consisted simply in 
learning by trial and error to readjust 
motor behavior to new visual cues, 
rather than in any change in reference 
of the sensory data. Contrary to 
Wooster, however, he found that read- 
justment occurred where there were 
no overt localizing movements, al- 
though he admitted that gross adjust- 
ing movements might be replaced here 
by eye and head movements and by 
those involved in verbal activity. Fi- 
nally he pointed out the influence of 
instruction and the ability of the hu- 
man subject to inhibit sense data from 
receptors which might distract from 
the task in hand. 

Recently Cutsforth (6) has demon- 
strated by an interesting technique the 
discrepancy between the visual and 
tactual-motor perception of spatial re- 
lationships, and the difficulties in trans- 
lating tactual-motor sense data into 
visual terms. 


MetcHer: Children’s Motor Learning 


Results obtained with rats have 
proved suggestive of problems involved 
in human learning. Watson (36) con- 
cluded, after extensive experiment, 
that the learning of rats in a maze was 
entirely dependent upon kinesthetic 
cues, each movement being the cue for 
the following one. Hunter (13, 14, 
15, 16), Lashley and Ball (20), Dennis 
(8), Macfarlane (22), and Dorcus and 
Gray (10) have called in question the 
adequacy of this theory, although the 
réle of vision was not specifically in- 
vestigated. Perrin (23), one of the 
first to test blindfold human adults 
both with pencil and paper mazes and 
in an outdoor circular walking maze 
found that ability to run the maze de- 
veloped with the ability to describe it 
verbally and graphically and con- 
cluded that human maze learning was 
perceptual and ideational rather than 
sensory. 

Weaver and Stone (37) and Lindley 
(21) found that the performance of 
blind, anosmic, and blind-anosmic rats 
in a maze differed very little from that 
of seeing animals, but just after Wat- 
son had popularized the proprioceptive 
theory, Florenée Richardson (30), work- 
ing in his laboratory, found that blind 
animals were at a decided disadvan- 
tage in learning to solve certain prob- 
lem box situations and to jump from 
one small platform to another. Subse- 
quently Dennis (8) and Walton (34) 
showed that when the experimental 
arrangements in the maze were such 
that vision could be used to advan- 
tage, the animals depended predomi- 
nantly upon visual cues. 

All studies of the effect of vision in 
adult human maze learning have shown 
that visual aid greatly reduces errors, 
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especially in the initial stages of learn- 
ing. Brown (2, 3) whose subjects 
walked through a maze made by 
wooden troughs laid on the floor, found 
that persons allowed to see the ceiling 
and upper part of the doors and win- 
dows learned in fewer trials than those 
blindfold. His findings disagreed with 
Perrin’s, however, in that the subjects 
were not able to draw or describe the 
maze after they had learned it. 

The stylus maze has been the most 
frequently used instrument for the 
study of adult learning. Carr’s (4) 
invention of the slot maze and his 
elaborate studies of the effect of visual 
guidance by this means all confirmed 
the effectiveness of visual aid in motor 
learning for adults. Carr and Os- 
bourn (5) found that vision during the 
initial trials reduced both the errors 
and the trials, although errors more 
than trials. In three of four cases, the 
effect was even greater during the post- 
visual period than during the visual. 
Peterson and Allison (24) achieved re- 
sults similar to Carr’s when the visual 
exposure of the maze was measured by 
time instead of by number of trials. 

Koch and Ufkess (19) found that see- 
ing subjects were superior to blind sub- 
jects in learning a stylus maze. This 
was contrary to a priori opinion, since 
the situation seems analogous to the 
usual learning methods of the blind. 
Moreover, those who had once had 
sight did better than those who had 
been blind from birth, the intelligence 
level being, of course, the same. Con- 
trary to these results, Knotts and 
Miles (18), comparing the maze learn- 
ing ability of blind and seeing indi- 
viduals from twelve to twenty-two 
years of age, found the blind superior 
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by all criteria. Examination of the 
authors’ graphs, however, shows that 
the differences were very small, and 
the more successful learners among the 
blind were those whose blindness was 
due to accident after five years of age. 

Twitmyer (33) found that subjects 
who casually watched another person 
learn a maze, without expecting to 
learn it themselves, did better in the 
early stages of learning than the blind- 
fold subjects, though a higher efficiency 
was attained in less time by the blind- 
fold practice. Time was the only cri- 
terion of learning in this study, how- 
ever, and error analysis might have 
given different results. 

The preceding studies seem defi- 
nitely to establish that the adult de- 
pends to a very great extent upon vis- 
ual guidance in his ordinary motor 
learning. But the question remains 
whether this is the last stage of a de- 
velopment which began with domi- 
nance of tactual-kinesthetic cues. The 
assumption as often been made that 
children begin with dominance of ki- 
nesthesis in the responding organ and 
gradually shift to visual dominance, 
possibly substituting the kinesthesis of 
eye movements, at about puberty. 
Investigations of sensitivity to tactual 
stimulation in children and adults, 
both blind and seeing, by Renshaw, 
Wherry and Newlin (26, 27) and of 
primitive tribes by Rivers and Mc- 
Dougall (see 27) have been interpreted 
as substantiating this theory. Inspec- 
tion of the data, however, throws some 
doubt upon these conclusions. De 
Sanctis’ (9) maze experiment also in- 
dicated a shift, though at a somewhat 
earlier age. 

Rice’s work with young children is 
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in some respects the direct antecedent 
of the present study. Incidental to 
her investigation upon “The orienta- 
tion of plane figures as a factor in their 
perception by children,” (28) she found 
that success in reproducing a figure, 
whether from the model or from mem- 
ory, was more closely related to per- 
ceptual development than to motor 
control. This the author cites as in- 
teresting “‘in view of the axiom derived 
from the response hypothesis that ac- 
curacy of motor response is a basis for 
accuracy of perception and later of 
thought.” (28 p. 141) There is the 
possibility of the interpretation that 
perceptual development is responsible 
for the level of motor coérdination. 

Rice’s third study (29) was an at- 
tempt to discover and analyze eye and 
hand movements occurring during an 
act of perception. Her subjects were 
10 pairs of twins between 4.6 and 7.10 
years of age. After a series of initial 
tests in which the child’s eye and hand 
movements were recorded while he 
looked at a geometrical figure and his 
ability to reproduce it on a blackboard 
was tried, one of each set of twins was 
given a training course. Five children 
watched a bright yellow knob which 
traveled mechanically around a dia- 
mond shaped path on a_ black 
background. The other five children 
followed the knob with their hands but 
were not allowed to see it. There 
were nine ten-second trials in all, three 
at a time one day a week. Automato- 
graph records of the hands were taken 
and the eye movements photographed 
on the first and last trial. The control 
group during this period only looked at 
the original card representing the 
diamond. 
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The author found “no transfer effect 
of any kind from imposed practice of 
eye and hand movements on eye and 
hand movements of an unrestrained 
nature used during observation of 
plane figures.””’ The synchronized 
records of eye and hand movements 
showed no relation between them, 
either initially or after practice. There 
was a practice effect in the specific ac- 
tivity undertaken during the practice 
periods, i.e. the child learned to follow 
the moving knob. There was also “a 
possible transfer effect of this practice 
on the rather indefinitely defined ac- 
tivity of drawing the figure observed.” 
(29, p. 47) Even the last mentioned 
positive results are questionable. 
However, the interesting point for the 
present study is that four of the in- 
stances of possible gain were from the 
five children subjected to eye training, 
while only two were from the five 
given hand training. 

The results of this experiment, in 
conjunction with the previous finding 
that reproduction of a figure was re- 
lated to perceptual rather than motor 
developmental level, suggest that vis- 
ual data are dominant over those from 
other receptors in the education of eye- 
hand coérdinations in the young child. 


II. APPARATUS 


Choice of apparatus for the experi- 
ment presented difficulties for several 
reasons. The problem required (1) 
that visual and manual cues be equated 
in manner of application, (2) that they 
might be given separately, and (8) 
that there should be a test of their rela- 
tive effect. 

Rice’s (29) apparatus met the re- 


quirement of separate hand and eye 
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training, but her method of testing by 
drawing the diamond introduced many 
new factors into the reproduction situ- 
ation. As her own results showed, the 
ideal situation would be one in which 
the child was shown how to do a thing, 
and then asked to do exactly that 
thing. This ideal was not entirely 
realized, but a closer approach was 
attempted. 

After some preliminary experimen- 
tation with maze patterns, a block de- 
sign was selected. This was similar 
to Dasheill’s (7) in his study of direc- 
tion orientation in the rat in that it 
was a block pattern with no culs-de- 
sac other than the edges of the maze. 
Converted into a slot maze, similar to 
that designed by Carr (4) and popu- 
larized by Young (89) in the “Boy and 
Shoe” model, it furnished an instru- 
ment in which the child might watch a 
stylus travel a chosen path through the 
blocks, and then be asked to guide a 
similar stylus through the same path 
in an identical maze. Similarly, his 
hand could be guided through the path 
without accompanying vision, and the 
relative value of these two methods of 
guidance compared as to their effec- 
tiveness in the ability to reproduce the 
pattern. This study was not con- 
cerned with the relative value of 
guided and unguided learning, but only 
with the relative effectiveness of two 
methods of guidance. 

A preliminary study with 15 chil- 
dren between the ages of three and five 
years showed that the task offered suf- 
ficient difficulty for differentiation. 

While the “game” pleased most of 
the children at first, it soon became 
evident that some reward was neces- 
sary to insure continued effort. An 
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animal cracker at the end of the test 
maze, concealed in a small box which 
opened when the child was successful, 
proved to be of lasting interest. 

Figure 1 shows a surface view of the 
mazes. They were of hard wood, built 
up in layers. They were both 39 by 
39 cm. square, with a solid border on a 
level with the top surface of 6 by 6 cm. 
blocks. The bases of the two were 
solid boards, 24 mm. thick. 





































































































Fig. 1. Surrace Virw or Maze 
The dotted line indicates the path trav- 
eled by the knob on the practice maze. 


The practice maze had for its sec- 
ond layer two boards, 12 mm. thick, 
which were separated along their fac- 
ing edges by 17 mm. This line of 
separation followed the dotted line 
shown in figure 1, forming the desired 
maze pattern. Similarly, two boards, 
13 mm. thick, formed the third layer, 
separated along the pattern line by 9 
mm. Thus the edges of this groove 
overhung those of the second layer 4 
mm. on either side. In addition, 
grooves 6 mm. deep were cut in the 
top surface of these boards to form a 
block pattern. The top layer was of 
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blocks 13 mm. thick, carefully fitted 
to the surface blocks of the third layer. 
When complete the pattern groove was 
38 mm. deep, while the depth of the 
remaining grooves was 19 mm. The 
whole was painted a rich blue, and the 
lighting arranged from the side so that 
the grooves were in shadow and the 
difference in depth was indistinguish- 
able to casual examination. 

The floor and sides of the wide 
groove in the second layer were lined 
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In starting position, the knob stood 
at the edge of the board in the groove 
indicated by the arrow in figure 1. 
The end of the belt extending through 
the exit was hooked to a shaft re- 
volved, through a reduction gear, by 
a synchronous motor, and as the belt 
was wound the attached knob trav- 
eled the indicated path, requiring 17 
seconds to reach the exit. The me- 
chanics are shown in figure 2. When 
the trip was completed, the knob was 
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Fig. 2. D1aGRAM OF APPARATUS FOR PULLING THE STYLUS OF THE PrRacTIcE MazE 


with sheet tin, and a Singer sewing 
machine belt 8 feet long was inserted, 
the ends projecting through holes in 
the maze side at the points indicated 
by arrows in figure 1. The corners 
against which the belt rubbed were 
rounded and brass rollers inserted. 

A stylus 69 mm. high was attached 
to the belt, with brass disc roller 
guides, 11 mm. in diameter, above and 
below the point of insertion. The 
knob of light yellowish composition 
was 12 mm. in diameter, 24 mm. high, 
and extended 31 mm. above the sur- 
face of the practice board. 


pulled back to the starting point by 
hand. 

The test board had only two layers 
of blocks, the under layer 4.4 cm. 
square, making the groove width at 
this level 25 cm. A single brass disc, 
2 cm. in diameter, was attached solidly 
to the bottom of the stylus, which was 
in appearance identical with the prac- 
tice maze stylus. It could be moved 
freely in any direction through all the 
grooves of the board, but could be 
lifted out only at the exit. 

The mazes were placed side by side 
on tables of the same height. Each 
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was enclosed on three sides by beaver 
board 76 em. high, painted light gray 
(figure 3). Flanges 12.5 em. wide ex- 
tending outward at a slight angle 
helped to prevent peripheral distrac- 
tion of vision. Gray curtains con- 
cealed the mazes when desired. 


Fig. 3. Mazes Reapy ror Use. Practice 
MaZE TO THE Rigut; Test Maze 
TO THE LEFT 


A chin rest, adjustable to the height 
of the child, could be attached to the 
front of the practice maze. 

Flash-light bulbs inserted in card- 
board cylinders 4 em. in diameter, with 
the reflector end cut slanting, were let 
into the beaver board at the front 
edges 7.5 cm. above the maze surface. 
These, on one circuit with 2 dry cells 
for the 4 lights, satisfactorily lighted 
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the small light gray enclosure of the 
maze. Daylight was dimmed in the 
room by tan shades at the three small 
windows. The angle at which the 
lights were placed allowed the light 
to be reflected from the surface of the 
blocks without penetrating into the 
grooves. 

At the correct exit from the test 
maze, an opening 15 em. high and 12 
em. long was cut in the beaver board. 
Through this could be seen a small 
brass box, 84 by 40 mm., its top 
slightly above the level of the maze 
surface. This was wired so that when 
the child reached the exit by the cor- 
rect route, the experimenter could 
touch a button which released the lid 
catch, allowing the lid to spring open 
and reveal an animal cracker within 
the box. 

Wiring connections beneath the 
table were concealed by a curtain. 
The experimenter sat to the right of 
the practice maze where she manipu- 
lated the motor and the lights. Dur- 
ing the tests she stood to the right of 
the child, where she could watch his 
performance. A drawing board was 
supported by the tops of the adjoining 
beaver board walls of the two enclo- 
sures. This held the record blanks 
and the button operating the cookie 
box. 

The record blank was a reproduction 
of the maze with wider alleys, on which 
the experimenter traced the child’s 
path in red pencil. 


III. SERIES 1 
A. Subjects and procedure 


Fifteen children, ranging in age from 
thirty-five to fifty-seven months in 
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October, 1933, were the subjects for 
the first part of the experiment. They 
were all attending the Child Institute 
of the Johns Hopkins University. 

The children were divided into three 
groups, matched for chronological age. 
The Intelligence Quotient for each 
child had been determined by the Stan- 
ford Revision of the Binet Scale, but 
in view of the doubtful reliability of 
intelligence ratings with such young 
children, the Intelligence Quotient was 
regarded less in the grouping than 
chronological age and observational 
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to give this group any advantage that 
might accrue from superior intelligence. 
Preliminary work with 6 adults showed 
that this method presented some diffi- 
culty to them also. Only one learned 
after 3 demonstrations, four required 
4 to 6 demonstrations, and one had 
not learned after 9 demonstrations. 

The experimental work on the first 
training series continued from Novem- 
ber 7, 1933, through February 1934. 
The Institute Christmas holiday in- 
cludes the month of January, so that 
there was an unavoidable five weeks 


TABLE 1 
Age and Intelligence Quotient of subjects 


GROUP I | 


Child | Age 


1.Q. Child 


A 
B 
c 
D 
E 


125 
107 
100 
112 
102 


57 
48 
47 


| months 
| 
| 


| 
| 


Average 109 


estimates of the child’s ability in his 
attack upon problems in his daily play 
life. The results seem to have con- 
firmed the feasibility of this plan. 
Table 1 gives the ages and Intelligence 
Quotients at the beginning of the 
study. 

The average superiority of Group 
III was considered no disadvantage, 
since the preliminary work with a simi- 
lar group of children had already 
shown the methed used with this group 
(mechanical guidance without vision) 
to be the hardest, and in view of the 
motor learning theories, it was planned 


GROUP II 


Age 


months 


| GROUP III 


1.Q. Child Age 


months 
57 
48 
47 
46 


108 iN 
123 | L 
115 
110 
110 


52 
49 
45 
43 


113 
interim in the study. As will be seen 
later, it appeared to affect the learn- 
ing very little. 

Each child was given 6 practice runs 
and 2 tests at each period. A test 
followed each 3 demonstrations. If 
the child succeeded he was given a sec- 
ond test immediately, and a third if he 
sueceeded upon that. The criterion 
of learning was 3 successive correct re- 
productions. A small amount of re- 
tracing, if his final decision was correct, 
was not counted against him in these 
tests, however. If he had not suc- 
ceeded after ninety-nine to one hun- 
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dred and two training trials and thirty- 
three to thirty-four tests, the training 
was discontinued. 


Group I—Visual and Manual 
Guidance 


Children in Group I were allowed 
both to watch the knob and to grasp 
it lightly with the right hand as it 
traveled from the start to the exit. 
The supposition was that this combi- 
nation of the two methods of tuition 
would prove the most effective since 
it seemed to duplicate the usual com- 
bination of visual and tactual-kines- 
thetic stimuli in the child’s every-day 
learning of eye-hand coérdinations. 


Group II—Visual Guidance 


Children in Group II were allowed 
only to watch the knob. A chin rest 
was adjusted to the child’s height, and 
he was instructed to place his hands 
on the edge of the maze. Further at- 
tempts to control head movements 
seemed inadvisable with such young 
children. As a matter of fact, most of 
the children kept their heads quite still 
so far as the experimenter could ob- 
serve. 


Group III—Manual Guidance 
without Vision 


Children in Group III were allowed 
only to grasp the knob with their right 
hands, and follow it around manually 
without seeing it. A gray curtain 
hung before the practice maze, and 
the arm was thrust through a slit. 
The maze lights were not turned on, 
so that the darkened interior was a 
further prevention of any accidental 
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glimpses. This group, also, was al- 
lowed vision on the tests, since it 
seemed desirable to give all 3 groups 
the same chance to profit from any 
learning occurring during the tests. 
With all other conditions constant, any 
difference in results should be due to 
the difference in the training. 


The experimental room was to the 
rear of the house, apart from the main 
play rooms. The furnishings were 
familiar to the child, and kept constant 
throughout the experiment. The noise 
of the converter and motor, the me- 
chanics of the traveling knob, and the 
lights were all matters of interest at 
first. Some of the children soon dis- 
regarded them, others continued to 
manifest some curiosity. The ideal 
arrangement, of course, would have 
been to have these isolated. However, 
the children who continued to examine 
the set-up when allowed were the more 
alert, older children who were quickest 
to learn. Consequently, this interest 
did not appear to act as a distraction. 

The child was brought from his play 
to the experimental room by the ex- 
perimenter. On the first day he was 
first shown the test maze and in- 
structed as follows: 

“You see all these paths. Here is a 
little knob that will go anywhere I 
move it. Now watch and see what 
happens when I make it go a certain 
way.” 


The experimenter quickly moved the 
knob through the correct path to the exit, 
and opened the cookie box. The child was 
encouraged to look in and take the cookie. 
He was told that he might have it when he 
left. He was then shown the practice maze. 
Children of Groups I and II were told: 
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“Now I am going to show you on 
this board the way that little knob 
must go to make the box open. This 
little knob will only go the right way, 
and you may watch it. You must 
watch it carefully and learn the way it 
goes, so that you can make that little 
knob go the same way. I will let 
you watch it several times, and then 
you may try it on that board. When 
you get it right the box will open.” 

For Group I, the further instruc- 
tions were: 

“Put your fingers on the knob. 
Don’t hold it tight.” 

For Group II, the addition was: 
“Put your chin here and your hands 
here.” 

Children of Group III, when taken 
to the practice maze, were told: 

“T am going to let you put your fin- 
gers on the little knob here and feel 
the way that little knob must go to 
make the box open. This little knob 
will only go the right way, and you 
may feel it, but the game is not to 
see it. You must pay attention and 
learn the way it goes, so that you can 
make that little knob go the same way. 
I will let you feel it several times, and 
then you may try it on that board. 
When you get it right the box will 
open.” 

After each trip of the stylus, the 
curtain was dropped before the maze, 
the lights turned off, and the knob 
drawn back to the starting point. This 
short interval served as a brief rest 
period for the child. 

After 3 guided runs, the child was 
led quickly to the test maze and told, 
“Show me the way it went.”’ . The ex- 
perimenter drew a record of the child’s 
performance in red pencil upon the 
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record sheet. 
stopwatch. 

After the first period, the instruc- 
tions were merely “Watch (or feel) 
carefully the way it goes, so that you 
can show me and make the cookie box 
open.” Exhortations were confined 
to: ‘Watch (or feel) carefully;’ 
“Watch (or feel) where the turns are;”’ 
“Try to remember the way it goes,” 
and ‘You must learn the way the 
little knob goes if you want to make 
the cookie box open.” 

In the beginning each child was 
taken only twice a week. This proved 
unsatisfactory both from the point of 
view of time consumed in the series and 
for the child’s optimum learning. 
From the first week in December on, 
each child was taken every day apart 
from the unavoidable interruptions 
due to illnesses and holidays. 


Time was taken with a 


B. Results: Series 1 


From the record sheets, the follow- 
ing data were used as indications of 
learning: (1) the number of trials to 
learn; (2) the total distance covered by 
the child, measured in number of 
blocks passed, and the average num- 
ber of blocks passed per test; (3) the 
total number of turns and the average 
number of turns per test; (4) the total 
number of right turns and the average 
number of right turns per test. The 
form of the learning curve, and the 
order of fixation of the turns were ob- 
served as of incidental interest. In 
addition, comments and illustrations 
of particular features of the learning 
in individual instances may furnish 
valuable insight into the process. 

Number of Trials. Table 2, column 
3, shows these data. 
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No child under forty-eight months the two who were given only visual 
of age learned the maze. Whether guidance learned with approximately 
Child N would have learned it, had half as many demonstrations as did 
his practice continued, cannot, of those who were allowed to place their 


TABLE 2 


Number of trials and tests, average number of blocks passed, average number of turns and 
average number of correct turns for each child in Series 1 


Less than 99 practice trials indicates that the child successfully completed the learning 





NUMBER AVERAGE AVERAGE AVERAGE 
OF PRACTICE NUMBER NUMBER OF NUMBER OF NUMBER OF 
TRIALS OF TESTS BLOCKS PER TURNS PER RIGHT TURNS 
TEST TEST PER TEST 





Group I. Visual and manual guidance 





69 16.2 
78 17.6 
102 10.5 
102 18.8 
8.8 














Average 14.4 





Group II. Visual guidance only 





36 14 16.6 
36 15 14.3 
102 34 20.4 
102 35 13.4 
23.2 








Average 17.6 





Group IIT. Manual guidance only 





102 34 16.5 

34 20.3 
19.4 
18 15.0 
17.9 








Average 17.8 











1 Due to illness, Child N did not complete the learning series. 


course, be stated definitely, but in view hands upon the knob as it traveled. 
of the fact that the three older chil- These children were remarkably well 
dren in his group did not learn it, it matched. The average age and Intel- 
seems extremely doubtful. ligence Quotient of the two in Group I 

Of the four children who learned, were identical with those of the two in 
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Group II. Child A and Child G, the 


two with the higher Intelligence Quo-. 


tients, were rather negativistic and 
bored with the “game’’; Child B and 
Child F were coéperative and inter- 
ested. Thus, factors other than the 
difference in training method seem to 
cancel out. So far as any conclusions 
can be drawn from the performances 
of four children, with respect to the 
number of trials, visual demonstration 
alone was superior to manual guidance 
with vision. 

None of the children in Group III 
learned the maze. The two oldest 
were fully the equal of the successful 
children in general ability, and were 
two of the most codperative and inter- 
ested children in the experiment. Ap- 
parently manual guidance without vi- 
sion (though with vision allowed on the 
tests, so that they were not unfamiliar 
with the appearance of the maze) was 
an ineffective method of training in 
this experiment. 

Since the ratio of tests to demon- 
strations was 1:3, except when the 
child was successful, extra tests indi- 
cate isolated successes. Table 2 indi- 
cates that Child A made four success- 
ful reproductions before he was 
successful three times in succession. 
The first of these occurred after 57 dem- 
onstrations. Child B also produced 
one additional true pattern, also after 
57demonstrations. Child Gsucceeded 
once after 30 demonstrations. Child 
D and Child I, although neither 
reached the criterion of three correct 
runs, each have one correct pattern to 
their credit. No child in Group III 
made even one correct reproduction of 
the path through which his hand was 
guided 100 times. 
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Distance covered. Table 2, column 
5, shows the average distance per test 
covered by each child. Table 3 gives 
the averages in each successive five 
tests. The length of the true path 
was 15 blocks. Group I is nearest to 
the standard on the average, Group II 
next, and Group III last. 

Inspection of these data reveal small 
differences between the records of the 
groups as wholes, or between the per- 
formances of those who did and did 
not learn. The individual differences 
are much higher than the average dif- 
ferences. Either distance covered is 
not a criterion of learning in this type 
of maze, or the number of subjects is 
not large enough to demonstrate defi- 
nite trends. Graphic analysis, how- 
ever, gives an indication of some dif- 
ferences which might or might not be 
verified in study of a larger group. 

Graphs 1 and 2 are drawn from the 
average number of blocks per each five 
tests (table 3). Graph 1 shows group 
averages for the successful and unsuc- 
cessful children in Groups I and II 
compared with the average of their 
mates in Group III; graph 2 shows in- 
dividual curves for Child D and Child 
I who each achieved one successful re- 
production, and their mate in Group 
III, Child N, who did not complete 
the practice series. 

These curves show that the success- 
ful children in Group I began with 
much excess distance, which they elim- 
inated, while the successful children 
Group II began below the standard 
and worked up. With the wnsuccess- 
ful children, the exact reverse is true. 
The children on the borderline who 
produced one successful test but not 
three conform to the tendency for the 
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successful children of their group (graph 2) whose average deviation in 
(graph 2). The curves for Group III, 18 tests is zero. Small average devia- 
all unsuccessful, show much excess dis- tions, obviously, accompany good per- 
tance with the exception of Child N formance, and it is a matter of par- 
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GrapH 1. NumsBer or Biocks CoveRED IN AVERAGE OF Eacu Five Successive Trsts 
1n Serrgs 1 
Curves for successful children in the seeing groups and their mates in Group III (heavy 
lines) comnperes with curves for unsuccessful children in the seeing groups and their mates 
in Group III (light lines). Group I: average A and B ; average C and E —-—— 
Group II: average F and G — —; average H and J — —; Group III: average K and L 
—.—; average M and O —.— 
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ticular regret that his trials could not 
be continued. It would be possible, 
on this maze, however, as his perform- 
ance shows, to approximate the cor- 
rect distance throughout the tests and 
yet never achieve the true pattern. 


23 
22 
22 
20 
419 
18 
17 
16 


15 
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which useless movements are slowly 
eliminated. Yet with manual guid- 
ance alone, complete learning in this 
problem did not occur. The addition 
of vision was necessary to bring suc- 
cess. Moreover the short curve of 
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Grapu 2. NuMBER OF Biocxs CovERED IN AVERAGE OF Eacu Five Successive TEsts 
IN Series 1 
Children successful on one test, but not on three in succession, and their mate in Group 


III. Group I: Child D—; 


These differences in the direction of 
the deviation may be due only to indi- 
vidual variations in so small a group. 
On the other hand, they may reflect 
the effect of manual guidance. Where 
manual guidance was given exclusively 
or in part, such learning as occurred 
was characteristic of the motor type in 


roup II: Child I — —; Group III: Child N —.— 


Group II is very much like the second 
half of the curve of Group I. This 
suggests the possibility, at least, that 
the children who had visual demon- 
stration only (Group II) did their pre- 
liminary exploration visually, and that 
those who failed to do so in this group, 
failed to learn the maze. 
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TABLE 3 
Distance and turns for each child as shown by the average for each five successive tests 





Group I 

Average number of blocks per five tests 
11.8 14.4 18.4 15.4 
11.6 15.6 15.4 17.0 
6.8 7.8 10.6 10.2 
22.0 19.0 21.6 16.6 
11.4 10.8 10.6 6.2 
Average... 12.7 13.5 15.3 13.1 


Average number of turns per five tests 
5.8 10.2 12.8 8.8 
11.2 10.0 9.2 11.6 
2.2 2.4 6.4 6.2 
17.2 12.2 15.6 15.6 
7.0 9.4 5.4 1.6 
Average... s 8.7 8.8 9.9 8.8 
Group II 
Average number of blocks per five tests 
17.2 18.2 
14.6 14.6 
24.4 22.8 20.6 12.8 
14.0 13.8 13.4 13.8 
22.0 30.0 26.0 22.6 
Average... ; 18.4 19.9 20.0 16.4 












































Average number of turns per five tests 
13.6 10.0 
9.0 8.4 
14.8 12.0 12.4 5.8 
9.8 10.2 9.2 9.6 
C 13.0 15.2 16.4 16.6 
Average... , 12.0 13.2 12.7 10.7 


Group III 
Average number of blocks per five tests 
15.0 16.4 20.2 19.2 
25.4 18.0 15.4 14.4 
27.4 25.0 15.0 20.0 
14.4 15.4 15.3 
19.2 12.6 13.0 18.2 
Average... 2 20.3 17.5 15.8 17.9 
Average number of turns per five tests 
10.4 11.6 14.2 17.0 
20.6 14.6 11.8 9.6 
12.6 12.4 7.2 11.2 
8.4 8.0 6.3 
13.4 8.4 5.8 14.6 
Average... 13.0 14.4 11.2 13.6 
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Number of turns. Table 2, column 
6, gives the data for the number of 
turns. The correct number of turns 
was 9. The average for Group I is 
closest to the standard, that for IT next 
and III last. This is the same order 
that was shown for distance, though 
the differences were not quite so large. 


16 
35 
4 
13 

12 


11 
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effective in producing the correct 
amount of distance covered and the 
correct number of turns, on the average. 
None-the-less, the correct reproduc- 
tion of the pattern occurred much 
sooner by the second method. 

The curves drawn from the aver- 
ages of turns for 5 successive tests in 
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GrapuH 3. NuMBER OF TURNS IN AVERAGE OF Each Five SuccnrssivE Tests IN SERIES 1 


Curves for successful children in the seeing groups and their mates in Grou 


III (heavy 


lines) compared with curves for unsuccessful children in the seeing groups — gud mates 


in Group III (light pee) 


Group II: aver ee F and 
average M and 


In either case, the number of subjects 
and the size of the difference is not 
large enough for statistical reliability. 
But if the direction of the differences is 
taken at face value, then it appears 
that the combination of visual and 
manual guidance in Group I was most 


Group I: average A and B “ 
G——; average H and J ——;Group III: average K had L——; 


; average C and 


table 3 show the same general charac- 
teristics as those for distance. Com- 
parison of the two sets helps to sum- 
marize the observations possible from 
these measures of the learning. In 
the following, 15 blocks and 9 turns are 
taken as the “standards” in distance 
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and turns, and deviations above or 
below these are called simply plus or 
minus variations. 

In Group I the successful children 
vary in distances from 8.4 to —3.3 
blocks, or through 11.7 blocks; the un- 
successful from —4.2 to —6.8 blocks, 
or through only 2.6 blocks. In turns, 


48 
17 
16 
45 
14 


13 
12 


14 
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asin distance. Failure apparently re- 
sulted from lack of initial excess activ- 
ity, or random exploration. 

In Group II the successful children 
varied from —.7 to +1.4 blocks, or 
through 2.1 blocks; the unsuccessful 
from +11.4 to +2.7, or through 8.7 
blocks. In turns the successful chil- 











a 2 


6 7 


GrapH 4. NuMBER oF TurNsS CovERED IN AVERAGE OF Eacu Five Successive TEsts 
IN SeRrzs 1 


III. Group I: Chi 
the successful children varied from 
+4.1 to —.5 turns, or through 4.6 
turns, while the unsuccessful varied 
from —3.1 to —5.1, or through 2.0 
turns. Requirements for success by 
this method of guidance, then, appear 
to be: (1) a considerable amount of 
excess distance to be eliminated; (2) 
some excess in turns, but not so much 


Children successful on one test, but not on three in succession, and their mate in Group 
d ; Group II: Child I ——; Group III: Child N —.— 


dren varied from +2.3 turns to 0; the 
unsuccessful from +5.4 to +.5, or 
through 4.9 turns. Success from 
this method of guidance, then, appears 
to require almost no excess activity in 
distance and a similar close adherence 
to the standard in turns, with about 
the same amount of variation in each. 
Failure in this case resulted from ez- 
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cess activity both in distance and in 
turns. 

In Group ITI, manual guidance only, 
the deviation from the standard is 
strongly positive in all cases except for 
the one point below the standard in 
graph 3. 

It is tempting to speculate here. 
The manual guidance without vision 
resulted in excess motor activity, 
rather undirected, in which a slow ap- 
proach to the correct distance and 
number of turns occurred, but the 
pattern was not learned. As a pre- 
vious author observed, kinesthesis may 
indicate that a turn is to be made, but 
visual or tactual cues are needed to in- 
dicate where. Members of.Group I 
perhaps reacted to the manual guid- 
ance first, and their records show the 
motor pattern in the beginning. Later, 
when unsuccessful, they changed to a 
visually guided reaction. Those who 
were allowed only to watch the knob 
possibly gave their whole attention 
from the beginning to the visual guid- 
ance of their hands in the test situa- 
tion. 

Whether verbalization entered into 
the learning or not was not ascertained 
in this study. 

The individual curves, (graphs 2 and 
4) illustrate partial learning in Child 
D and Child I, and incompleted series 
for Child N. Child D did not improve 
on the average in number of turns, but 
did improve in distance. Child N, 
though he judged the distance very 
well, was slowly departing from the 
standard in number of turns. 

Number of right turns. The type of 
maze used offered scoring difficulties. 
Whereas in the ordinary maze, each 
excursion into a cul-de-sac must be 
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followed by a return to the correct 
path at the same point where it was 
left if the exit is to be reached, in this 
maze the subject might leave the true 
path at any point and join it again 
later, or not at all, after any amount of 
random exploration. Where the rec- 
ord contained more or less than the 
requisite 9 turns, even though a few 
of the turns were at the correct point, 
it was not possible to be sure which 
part of the pattern the child had in- 
tended that particular section to repre- 
sent. The method finally adopted to 
overcome the difficulty was simple. 
Turns were counted as correct if they 
occurred at the correct point in con- 
secutive order counting either from the 
beginning or the end of the pattern. 
Thus, if a line in the right direction 
traveled around turn 6, it was counted 
as correct if, in the child’s pattern, it 
was the sixth turn from the beginning 
or the fourth turn from the end. Ac- 
cording to this scheme, table 2, col- 
umn 7 shows the results. 

This record gives a more accurate 
reflection of the child’s performance 
than does the distance or the total 
number of turns. Here the group aver- 
ages are in agreement with the fact 
that children of Group IT learned in 
fewer trials than those of Group I. 
Child N, whose total distance and turn 
scores were so much nearer the stand- 
ard than those of others of his group, 
none-the-less had no more right turns 
than the majority of the others. Child 
I, it is true, has as high a score as some 
who were successful, but his record 
shows that he repeated a pattern a 
great many times in which a number 
of the turns were correct without cor- 
recting the few mistakes. 





MeEtcueErR: Children’s Motor Learning 333 


The most striking fact throughout and B. The averages of distance cov- 
this analysis is that no differences can ered, of turns per test, and of right 
be shown which are in any way large turns per test are different from those 
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A. Group averages for successful children in the seeing groups and their mates in Group 
III. B. Group averages for unsuccessful children in the seeing groups. 





enough to account for the fact that of the children who did not learn the 
Children F and G learned the pattern maze, but not strikingly different from 
in half as many trials as Children A eachother. Only in the graphic repre- 
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sentation of the direction of deviation, 
do we find a clue which might point to 
a solution of the problem, namely: 
that the 2 children who learned with 
the aid of motor guidance tended to- 
ward excess motor activity in the be- 
ginning, while those who only watched 
the knob avoided this preliminary 
stage. 

The form of the learning curve. 
Graph 5 shows the learning curves, 
constructed from averages of the num- 
ber of right turns per test of Children 
A and B, F and G, K and L, C, D and 
E, and H, I and J. Group differences 
are marked. The successful children 
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similar to this although upon a lower 
level. 

The curves for the unsuccessful chil- 
dren in Groups I and II are consistent 
with those shown by the successful 
children and display the same differ- 
ences at a lower level. Although in 
this case they begin at the same point, 
the curve for Group II never sinks to 
the starting level again after the second 
test, while Group I falls to the start- 
ing point again on the ninth and elev- 
enth tests. The rise of the curve in 
its first half is steeper in II than I and 
the high level is maintained more con- 
sistently in the former. 


TABLE 4 


Relative difficulty of turns in the maze 





TURN NUMBER 





1 2 


4 5 6 7 8 9 





Times correct 352 | 125 
Rank in difficulty (1) | (3) 











36 | 35 | 104 | 135 | 146 | 215 
(8) | () | @) | @ |] @)] @) 




















in Group II started at a higher level 
than those of Group I. On the first 
trial they attained a score not reached 
by the two children of Group I until 
the twelfth test. Again, the saving 
by this method is shown to have been 
in the first half of the learning curve. 
The curve for the average of Chil- 
dren E and L in Group III ends at ex- 
actly the same point as it began. It 
even has a slight downward slope for 
the first half of its course, although it 
began nearly as high as the curve for 
Group II. In fact it appears to repre- 
sent admirably the efforts of a person 
groping in the dark. The curve for 
the remaining three children in Group 
III has not been included since it is 


Order of fixation of turns. From the 
total number of times each turn was 
correctly negotiated, the order of diffi- 
culty of the turns in the maze was cal- 
culated. This is shown in table 4. 

This is consistent with other studies 
which have shown the first and last 
items of a series to be the first learned, 
while the middle items are the hardest. 
In this case the third, fourth and fifth 
turns proved about nine times as hard 
as the first turn and about six times as 
hard as the last. 

Comments upon individual perform- 
ances. There were several varieties 
of failure, which no mathematical treat- 
ment of the records can bring out. 
They reflect both the results of the 
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method of guidance and the personal no apparent attempt to reproduce the 
reaction of the child. Some of these pattern, or (b) a very much abbre- 
are the following: viated pattern. 

1. Aimless wandering. Child M’s 3. An attempt to produce a pattern, 
record was typical. He started out but with no similarity to the true 
well, but apparently was lost after the pattern. 
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Fig. 4. INprvipvaLt REcorps 


a. Child K, age 52 months. Test 1 after 81 guided trials, time 19 seconds. 6. Child K 
age52months. Test 1, after 87 guidedtrials. Timenottaken. c. Child L, age 49 months. 
Test 1 after 75 guided trials, time 18 seconds. d. Child L, Test 1 after 96 guided trials, 


time 9 seconds. 

third turn and retraced up and down 4. The best records of the oldest 

the grooves until stopped at the end of children in Group III are extremely in- 

45 seconds by the experimenter. teresting. They show varying ap- 
2. Quick, impulsive action with (a) proximations to the pattern in the 
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effort to reproduce a series of unseen 
hand and arm movements. Child K 
(see figure 4) evidently felt he should 
go around the middle block, but could 
not find the way to start. Child L 
has the number of turns correct in both 
records, also the direction of the turns 
and some of the proportions. Such 
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1. Since the problem, as it stood, 
was too hard for the younger children 
of the two seeing groups, would it be 
possible for them to learn it if it were 
simplified by shortening the maze? 

2. Could any of the children of the 
non-visual group learn the path if it 
were simplified by shortening? 


TABLE 5 
Age and intelligence quotients of children for the second series of demonstrations 
1. Reduced maze, trials and tests as in Series 1 





CHILD AGE 1.Q. 


CHILD AGE 1.Q. 





Group I. Visual and manual guidance 


Group II. Visual guidance only 





months 


months 


Cc 
D 
E 


51 100 


44 
39 


112 
102 


H 
I 
J 


51 
50 
40 


115 
110 
110 





Group III. 


Manual guidance only 


Group IV. 


No vision on tests or trials 





118 
113 
126 


R 
8 
Tr 


52 
50 
43 


96 
123 
111 


133 

















2. Original maze, no vision on tests or trials 





Group Va. No previous trials 


Group Vb. Previous success with vision 





P 58 98 
Q 49 117 





108 
140 
107 
123 











records as these often occurred just 
before learning among the older chil- 
dren in Groups I and II. Child L 
never eliminated these errors. 


IV. SERIES 2 


A. Subjects and procedure 


At the completion of the first series 
of 100 demonstrations for each child, 
the following questions arose: 


3. Was the introduction of vision on 
the tests for the non-visual group really 
aconfusing rather than facilitating pro- 
cedure? 

4. Could children who had once 
learned the maze with vision relearn 
it without vision? 

To settle these questions, a new se- 
ries of 100 demonstrations each was 
given to six groups, under the con- 
ditions indicated in table 5. The age 





MetcHer: Children’s Motor Learning 


is given as of March 1, 1934, when this 
series was begun. 

The original maze was shortened, as 
shown in figure 5, by covering the 
outer row of blocks on two sides of the 
maze with an L-shaped sheet tin lid, 
painted the same color as the maze. 
Four turns, the first two and the last 
two, were thus cut off from the original 
pattern, making the length of the true 
path 9 blocks, and the number of turns, 
5. Since in the original, the end of 



















































































Sheet tin cover 





























Fig. 5. Surrace View or Repucep Maze 


The dotted line indicates the path trav- 
eled by the knob on the practice maze. 


the path was clearly marked by the 
exit from the maze, the finish in this 
reduced pattern was marked by the 
three small gold stickers shown in this 
diagram. 

Groups IV and Va were instructed 
just as Group III had been previously, 
but when they were taken to the test 
board the curtain was not removed. 

Group Vb was told: 

“You remember how we played this 
game the last time. You learned the 
way the little knob went, and you 
made the cookie box open. The little 
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knob still goes the same way it did 
before. I want to see if you can make 
the cookie box open when you cannot 
see the way the knob goes.” 

Groups I, II, and III were told: 
“You see, I have covered up some of 
the blocks in the game. The little 
knob does not make so many turns, 
and it may be easier for you to remem- 
ber the way it goes. 

“We will play this game just the way 
we did before. When you make the 
little knob go the right way the box 
will open. I will show you the right 
way over here, and you will show me 
there.” 

The rest of the procedure was pre- 
cisely the same as in the previous 
series. 


B. Results: Series 2 


Number of trials. The results of 
this series are presented according to 
the same scheme as that for the pre- 
vious series. Table 6 shows the num- 
ber of trials for each child. 

Table 6 answers the questions 
stated. No child who was not per- 
mitted vision on the tests or trials 
(Groups IV, Va, and Vb) learned the 
maze, not even children in Group Vb, 
who had previously learned it with 
vision. Not one of these children, in 
fact, produced even one correct pattern. 

Three of the younger children, who 
had not learned the full maze in the 
seeing groups, learned the reduced 
maze. Child D, and Child I, both of 
whom produced one correct test on the 
full maze but were unable to reach the 
criterion of 3 perfect tests, learned this 
easier pattern after very few demon- 
strations. Child I, having visual guid- 
ance only, learned after 6 trials, just 
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half as many as were needed by Child 
D, who received visual and manual 
guidance. This is exactly the same 
ratio as obtained between the number 
of trials required for successful learning 
by the older children trained by these 
methods in Series 1. 


ME tcu_er: Children’s Motor Learning 


efficacious at about three years and 
under. However, a special circum- 
stance should be related in this case. 
This child never appeared to compre- 
hend the instructions very clearly. 
After the thirteenth test, when the ex- 
perimenter had brought him back to 


TABLE 6 
Number of trials and tests for each child 
Less than 99 trials indicates that the child successfully completed the learning 
Reduced maze 





TRIALS | TESTS 


CHILD | 


AGE | TRIALS | TESTS 





Group I. Visual and manual guidance 


Group II. Visual guidance only 





months 
C 51 102 34 
D 44 12 7 
E 39 78 28 


months 
H 51 102 34 
I 50 6 4 
40 99 33 





Group III. Manual guidance only 


Group IV. No vision on tests or trials 





15 7 
102 34 
102 34 
102 34 





oa 
NS 50 
T 43 


102 34 
102 34 
102 34 





Original maze. 


No vision on tests or trials 





Group Va. No previous trials 


Group Vb. Previous success with vision 





P 58 99 33 
Q 49 102 34 





F 61 99 
U 54 99 
B 52 99 
G 52 102 





Child E (Group I) learned the maze 
in 78 trials, while Child J (his partner 
in Group II) did not complete the 
learning. This is the only instance 
in which the combined manual and 
visual guidance appeared superior to 
the visual only. This might be due to 
individual variations. On the other 
hand, we may have here an indication 
that manual guidance actually is more 


the practice board for the fortieth trial, 
she said, “‘I believe you really know 
the way that little knob goes. It 
starts here, and where does it gonext?” 
To her amazement, he indicated the 
correct path with his finger, and could 
do it as many times as asked. He was 
then taken back to the test board and 
told: ““Now do just what you did over 
there. It starts here, and where does 
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it go next?” He was unable to pro- 
duce the correct pattern on the test 
board, although he approximated it. 
Thereafter the trials and tests con- 
tinued as before, the experimenter say- 
ing for each test: ‘Where does it go 
next?”’ The child did not succeed in 
the usual manner on the test board un- 
til after twice as many trials as this 
demonstration on the practice board 
required, and it is probable that he 
could have shown the way earlier on 
the practice board if he had been asked. 
Possibly he had observed small cues 
there which pointed out the path to 
him without his actually having 
learned it. No other child was found 
who exhibited this ability on the prac- 
tice board, or to whom the change in 
the wording of instructions seemed to 
make any difference, although others 
- of the younger group were tried after 
this discovery. 

Child K (Group III), learned the 
pattern to the point of three correct 
reproductions after fifteen trials on the 
reduced maze with manual guidance 
only. Child K was the oldest child 
in Group III. Kinesthesis, far from 
being the best guide at the youngest 
ages, was only beginning to be an ade- 
quate guide for a child almost five 
years old, and this when vision was 
allowed in the test situation. 

Distance covered. The total distance 
covered by each child and his average 
distance per test and per five tests 
were calculated for this series as in the 
previous series. The complete table 
has been omitted as unnecessarily 
cumbersome. The length of the true 
path for the reduced maze was nine 
blocks. 

The same trends observed in the 
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first series were even more evident 
here. Group averages of the number 
of blocks covered per test compared 
with the standard show the following 
deviations: On the reduced maze, 
Group IV +14.2 blocks, Group III 
+1.3 blocks, Group II +.6 blocks, 
Group I —1.4 blocks; on the full maze, 
Group Va +12.2 blocks, Group Vb 
+1.2 blocks. The ranking of the 
groups by average deviation (in which 
the positive and negative deviations 
are disregarded) is the same as that 
above except that Groups I and II 
change places, Group I having a higher 
average deviation than Group II. 

These results emphasize once more 
that vision tends to reduce random 
motor exploration. The introduction 
of vision in the test situation in Group 
III of Series 1 was an aid, not a con- 
fusing factor. Groups IV and Va, 
composed of children who had not 
previously been trained on the maze 
and who were allowed vision on neither 
the practice nor the tests, show the 
largest amount of excess distance cov- 
ered. Next in order is Group III, 
children who had never had visual 
guidance. Group IVb ranks next, al- 
though there is only 0.1 block differ- 
ence between this and Group III. 
These children had previously learned 
the maze with vision, but were allowed 
no vision either on practice or on tests 
in this series. The effects of the pre- 
vious visual training about equalled 
the effects of vision on the tests. 

It might be expected that Group I 
should rank next in order as showing 
the effects of the manual guidance, and 
Group II last. In Series 1, as we 
noted there, the same reversal occurred, 
due to the wide” negative deviation of 
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GrapH 6. Repucep Maze. NumsBeER or Biocks CovEeRED IN AVERAGE OF Eacu Five 
Successive Tests tN SERIES 2 


Curves for successful — (heavy lines) compared with curves for unsuccessful 
children (light lines). Group II. I is not an average of five tests, but the actual tests, 
as there was only one previous to success. Group I: D and E 3;C oe 
II: I——; average H and J — —; Group III: K —.—; average L, M, o—— ; Group I 
average R, 8, 
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Group Va: average P, Q ; Group Vb: average F, U, B, G—— 
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the unsuccessful children overbalanc- 
ing the positive deviation of the suc- 
cessful in Group I. Here the same 
explanation would hold were it not for 
the case of Child E, already described 
as unusual. The effect of one record 
in so small a number of cases unfor- 
tunately calls all the group results into 
question. 

Graphs 6 and 7 drawn from the 
averages of successive five tests illus- 
strate the above observations and are 
in most respects consistent with the 
findings from the previous series. 
With the exception of Child E, the 
younger children who were successful 
on the reduced maze were those who 
had been on the verge of learning the 
larger maze and a very few trials on 
this easier problem sufficed to bring 
them to the criterion of three perfect 
tests. Child E is an exception to the 
previous progress of successful chil- 
dren in Group I. Child K, the only 
child in any series successful by the 
manual guidance alone, is surprising 
in that his short curve is like that of 
Group II instead of Group I. 

Number of turns. The number of 
turns for each child was also counted 
and treated as in Series 1. It was 
noted that while the amount of devia- 
tion from the standard for Groups I, 
II, III and IVa was very nearly the 
same for distance and for turns, with 
Groups IV and Va the deviation from 
the standard in distance was about 7 
and 2 times, respectively, the devia- 
tion from the standard in number of 
turns. The absence of visual guid- 
ance on both trials and tests en- 
couraged random retracing and a 
maximum of distance covered with a 
minimum of turns. 
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The form of the learning curve. The 
number of correct turns for each child 
was determined by the method de- 
scribed in Series 1. The group aver- 
ages for the number of right turns per 
test is as follows: Group I, 1.8; Group 
II, 2.1; Group III, 1.5; Group IV, 0.2; 
Group Va, 0.7; Group Vb, 2.5. (See 
graphs 8 and 9.) The surprising fea- 
ture here is that Group Vb has the 
highest average, although not one 
child produced an entirely correct test. 
The effects of the previous success 
with vision were strong enough to 
bring these children to the first rank 
by this criteria, whereas children learn- 
ing by the same method who had had 
no previous practice series (Groups 
IV and Va) ranked last. Children who 
had had as much previous practice in 
Series I without vision on the practice 
but with vision on the tests ranked 
fourth in order. As in the previous 
series, Group II was the best of the 
three original groups. 

The unsuccessful children in Groups 
I, II and III differ from those of the 
previous series in that Groups I and 
II show no upward trend, Group III 
does after trial 26. It is probable that 
the children who did not learn with 
vision at this level never compre- 
hended the problem, and that the 
slight upward trend of the curves of 
unsuccessful children in Series 1 was 
due to the presence in the group of the 
children who were successful on the 
reduced maze of Series 2. In Group 
III the older children began to suc- 
ceed a little better with the easier 
problem. 

In summary, the results of Series 2 
show that the reduction in size of the 
maze made the problem of about the 
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same difficulty for the younger chil- 
dren that the original maze was for 
the older ones. Learning without vi- 
sual guidance was more difficult for the 
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16 
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sion on the tests or practice was by far 
the most difficult method of all. In 
most respects the indications from Se- 
ries 1 were confirmed by Series 2, 











Grapu 8. Repucep Maze. 


5 6 7 


NuMBER OF TURNS IN AVERAGE OF Eacu Five Successive 


Tests In Serres 2 
Curves of successful children (heavy lines) compared with curves of unsuccessful 


children (light lines). 
as there was only one previous to success. 
II: I——; average H and J — —; Group I 
average R, S, 


older children of Group III on the 
short maze than the original maze had 
been for the younger children of the 
seeing groups. Learning without vi- 


Group II, I, is not an average of five tests but the actual B seen 
Group I: D and E ;C oa 
II: K —.—}; average L, M, o—— ; Crews I 





where the same phenomena appeared 
upon a lower level. The less visual 
and the more manual the training and 
testing, the more random motor ac- 
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tivity occurred, and the less was the 
likelihood of success. Such a decided 
contrast probably would not be found 
with a different type of maze in which 
random activity itself would be likely 
to produce eventual success. 
Comments upon individual perform- 
ance. Some varieties of failure be- 
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ings, and particularly in connection 
with Rice’s recent study of this fea- 
ture, the record of Child J (figure 7) 
is interesting as an example of a pat- 
tern which recurred many times, among 
the unsuccessful children. This re- 
versal of the pattern in turning left 
instead of right at the first turn also 
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4 
GrapH 9. OrIGINAL Maze. 
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NuMBER OF TURNS IN AVERAGE OF Eacu Five SuccessivB 


Txrsts IN SERIES 2 


Group Va: average P, Q 


came more obvious in this second series 
than they had been in the first. Aim- 
less wandering was carried to the ex- 
treme in the non-visual groups, with 
emphasis upon retracing. Child P’s 
record on the long maze, shown in fig- 
ure 6, is an example of this tendency. 
In connection with observations by 
the early child psychologists upon the 
lack of orientation in children’s draw- 


; Group Vb: average F, U, B, G—— 


occurred in the long maze at this point, 
where it was the third turn instead of 
the first. Once this had appeared, it 
seemed especially difficult to eradicate. 
Thirteen of Child J’s tests, 14 of Child 
L’s, 15 of Child M’s and 8 of Child 
O’s records were of this pattern. All 
the children of Group III, in fact, 
seemed unable to correct this error. 
The kinesthetic impulses evidently in- 
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dicated a turn, but not the direction of 
the turn. Child M, after 90 trials 
and his thirtieth test, remarked ‘‘Well, 
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record, shown in figure 7, is peculiar 


in that he actually reproduced the pat- 


tern in his first five turns several times, 













































































Fia. 6. Inprvipvat Recorp or Cuitp P, 58 Montus Oxtp 
Test 1 after 18 guided trials, time 39 seconds 




















































































































Fig. 7. Inprvipvat Recorps 


a. Child J, 40 months old. Test 1 after 87 guided trials, time 7 seconds. 


b. Child O, 


40 months old. Test 1 after 81 guided trials, time 20 seconds. 


that’s wrong, but that’s the way it 
went, though.” 

Child O was the only one who 
seemed confused by the change from 
the large to the smaller maze. His 


but he never learned to stop after this 
performance. Instead he continued 
as shown in his record. He appeared 
to be trying to get to the exit from the 
long maze, where the cookie box was. 
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CONCLUSIONS 


The goal of this study was to set up 
a problem in which children must 
learn a motor task by one of three 
methods: (1) through predominantly 
visual cues, (2) through predominantly 
manual cues, or (3) through a combina- 
tion of the two. If there is a tendency 
for children to depend primarily upon 
kinesthetic cues other than visual, it 
was hoped this experiment would 
demonstrate that fact. 

There were 21 children in the experi- 
mental group. This small number of 
cases prevents the statement of defi- 
nite conclusions. Nevertheless, the re- 
sults appear to present very definite 
indications in some directions, while 
other more tentative findings open in- 
teresting avenues for speculation. 

There is little doubt that the method 
of training in which manual guidance 
without vision was employed was much 
less effective in producing successful 
learning than were the visual methods. 
Preliminary trials with 6 adults had 
shown that manual guidance without 
vision presented a real problem to them 
in reproduction, but the assumption 
that the adult has shifted to visual 
dominance while the young child relies 
mainly upon tactual-kinesthetic cues, 
would lead us to expect the opposite 
results with children. This was not 
the case. 

The facts upon which the relative 
difficulty of the non-visual method is 
asserted are the following: (a) No 
child in the non-visual group (no vision 
in the guided practice trials, vision on 
the tests) learned the correct pattern 
in the long maze, whereas four older 
children in the visual groups (vision on 


both practice trials and tests) did 
learn it. (b) When the maze pattern 
was shortened, only the oldest child in 
the non-visual group learned the pat- 
tern, while 3 of the younger children in 
the visual groups learned this easier 
task. (c) Vision on the tests only was 
of considerable benefit, as shown when 
the non-visual group of Series 1 was 
compared, in Series 2, with a group 
allowed no vision either in practice or 
in tests. By the criteria of distance 
covered, number of turns, and number 
of correct turns, the first group came 
much nearer to the standard than the 
second. It is probable that the vision 
in the tests was in some ways compa- 
rable to the insertion of visual trials. 
(d) Children who had once learned 
the maze with the aid of vision were 
unable to relearn it without vision on 
practice or tests, although the effects 
of their previous visual training were 
obvious when distance and turns were 
compared with the other non-visual 
groups. 

Differences between the two visual 
groups (visual guidance only, and vis- 
ual and manual combined) are not so 
definite, but tend to show that visual 
guidance alone is superior to the com- 
bination. This conclusion rests mainly 
upon the comparative number of trials 
required by the successful children in 
both groups. Success by the visual 
guidance was attained in half as many 
trials as by the combination. Since 
this relationship rests upon the records 
of only 6 children, the individual varia- 
tion may have biased the results. The 
youngest child in the visual-manual 
group was successful on the easier 
problem, while the youngest child in 
the visual group was not. 
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The manual guidance alone resulted 
in wide random exploration on the 
tests. This was still more marked 
when vision was not allowed on the 
tests. Visual guidance alone resulted 
in quite limited initial exploration 
among the successful learners. Pos- 
sibly here the preliminary exploration 
had been visual. Visual guidance on 
the trials probably requires less pas- 
sivity on the part of the child than the 
manual, since the eyes may explore 
the maze and return to the moving 
knob during guidance, while this is not 
possible in manual “putting through.” 
This does not explain, however, why 
the combined method was less effec- 
tive than the visual alone. Possibly, 
the combined method involved a divi- 
sion of the attention between the two 
types of cues, and the manual cues 
acted as a stimulus to excessive activ- 
ity and therefore as a distraction from 
the problem itself, rather than as an 
aid. 

It is possible that visual guidance 
was at a premium in the set-up of this 
problem as was the case in some experi- 
ments of Richardson’s (30) and in 
Walton’s (34) study with rats. In 
that case, the conclusion is simply that 
children, as young as three years, can 
learn a motor task of a certain degree 
of difficulty when it is presented to 
them visually. 

Carr (4 and 5), on the basis of his 
study where visual and manual guid- 
ance were combined, suggested the al- 
ternatives that the effect of vision 
might be (1) a visual memory of the 
maze; (2) prevention of tactual-kines- 
thetic errors in the learning process. 
This study, in which visual guidance 
without manual proved more effective 
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than a combination, throws weight to- 
ward the visual memory hypothesis. 

Carr (4) was alse of the opinion that 
individuals develop a visual idea of a 
maze pattern through non-visual guid- 
ance—an opinion opposed by the work 
of Brown, Husband, and Cutsforth. 
Our results indicate that if any visual 
idea was developed by these children 
through the manual guidance alone, 
it was an entirely erroneous one. 

Other studies of method (35) showed 
that of the three methods of learning, 
verbal, visual imagery, and kinesthe- 
sis, the verbal was most effective, vis- 
ual next, and the kinesthetic least. It 
was generally assumed that the learn- 
ing of young children was mainly 
kinesthetic. Results of this study 
indicate that by three-and-a-half to 
four years at least, vision plays an 
extremely important réle. It seems 
likely that any shift in receptor domi- 
nance from the kinesthetic to the visual 
modes has occurred by this age, and 
not as late as puberty—as some have 
advocated. The later shift is more 
likely toward increased dependence 
upon verbalization in ideational ac- 
tivity. 

Whether verbalization played a part 
in the learning could not be .ascer- 
tained. Some of the children could 
count as high as 10, but their actual 
concepts of number were not above 
four or five objects. Even granting 
their ability to count the turns, it is 
doubtful if this method occurred to 
them. Pyles’ (25) study showed that 
naming of objects was an aid to learn- 
ing but there the learning consisted in 
identifying an object of geometrical 
design, not repeating a movement. 
Johnson (17) found that children four 
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to five years of age remembered two 
to three movements in the Knox Cube 
test after one demonstration. Re- 
peated demonstration, in this study, 
resulted in memory of the successive 
movements in a longer series. 

These results show that the lack of 
improvement in the ability of young 
children to reproduce a pattern, found 
by Hicks and Ralph (12) in a study of 
practice in tracing the Porteus Maze, 
and by Rice (29) after eye and hand 
training on the diamond, was prob- 
ably due to the small amount of prac- 
tice given in these studies. In this 
study, children three years of age im- 
proved measurably in ability to repro- 
duce a complicated figure after 100 
visually guided trials, even where 
learning was not complete. Rice’s 
finding that success in reproduction 
was correlated with perceptual level 
rather than motor ability is confirmed 
and further defined by thisstudy. Her 
work implies that perceptual level is 
dependent upon age and cannot be im- 
proved by training. This study indi- 
cates that it can be improved if the 
training is continued long enough. 

With reference to the problem as 
stated in the beginning (p. 315) it has 
been demonstrated that stimuli initi- 
ated by the visual processes alone can 
produce appropriate motor responses 
in children as young as three years. 
Whether children younger than this 
must rely on kinesthetic stimuli from 
the responding organ itself for skillful 
motor activity is yet to be shown. 
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Further research on this problem 
should be directed, first, toward veri- 
fying the findings here presented with 
a larger group of children. 

The disadvantage of this particular 
apparatus is in the difficulty in record- 
ing errors. A set-up which permits 
automatic recording of the child’s per- 
formance should be devised. 

This experiment has shown that vis- 
ual cues were indispensable for learn- 
ing in this particular situation. Other 
studies have indicated that it is less 
necessary in other situations. Analy- 
sis of the factors which are responsible 
for this difference should be attempted. 
There are indications in this study that 
cues from the manual guidance may 
result in elimination of excess distance 
after long training, and the correct 
number of turns may be achieved, but 
all this cannot be integrated into a 
particular pattern without visual aid. 

Determination of receptor domi- 
nance should be pushed even further 
back into infancy by devising situa- 
tions in which infant learning may be 
analyzed. Older children should also 
be studied with a view to establishing 
the hypothesis indicated by this study, 
namely, that the ability to use kines- 
thetic cues as the sole guidance in 
learning a series of codrdinated move- 
ments that form a definite spatial pat- 
tern probably develops with age, in- 
stead of retrogressing. Further study 
should be made as to the part verbali- 
zation plays in the above process. 
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Age Changes in the Physical Resemblance 
of Siblings’ 


CARROLL E. PALMER 


UMEROUS investigators, no- 
tably Galton (6), Pearson (11, 


12), Pearson and Lee (13), 
Thorndike (14), Fisher (5), and many 
others, have studied various aspects of 
problems connected with the resem- 
blances of offspring of the same 
parents. So far as can be ascertained, 


it is assumed in the studies thus far 
made that fraternal resemblance is 
static during the whole of life or, if 
such an assumption is not made, that 
it is sufficient to determine an average 
degree of resemblance which may be 


considered representative of all ages. 
From certain points of view, especially 
those relating to problems of inheri- 
tance, it may be immaterial whether or 
not fraternal resemblance remains 
precisely constant during the entire 
life span. In problems dealing with 
human growth, however, it would ap- 
pear that a study of the change with 
age in the resemblance of children of 
the same parents might be of value in 
the analysis of certain sources of varia- 
tion observed in growth processes. 

An example of the kind of problem 
to which, inferentially at least, a study 
of the growth resemblances of siblings 
might be expected to contribute, arises 


1From the Department of Biostatistics, 
The Johns Hopkins University (Paper No. 
200) and the Office of Child Hygiene, U. S. 
Public Health Service. 


in connection with the analysis of the 
marked increase in the variability of 
physical characters which occur in 
both boys and girls near the time of 
sexual maturation. One of the princi- 
pal characteristics of this part of the 
growth cycle, as is well known, is a 
sudden acceleration, followed by a 
deceleration, in growth processes. 
Concomitantly with this acceleration 
and deceleration there occurs a great 
increase, followed by a decrease, in the 
variation of measurements of growth. 
While comparatively little is known of 
the factors responsible for the sudden 
changes in growth rates, the increase 
and subsequent decrease in the varia- 
bility of measurements are attributed, 
(2) generally, to variation in chrono- 
logical age at which the acceleration 
begins and ends in different individuals. 
At the present time, factors which may 
account for the differences in age at 
which the acceleration and deceleration 
take place are not clearly understood. 
On the basis of previous work on the 
physical resemblance of siblings it may 
be supposed that certain critical points 
in the progress of growth, for example, 
the age at which the acceleration be- 
gins, occur at more nearly the same age 
in brothers (or sisters) than in unre- 
lated children. If a similarity of 
growth patterns in siblings is observed, 
and can be quantitatively evaluated, 
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it would be possible to determine what 
portion of the increased variability in 
growth measurement of children in 
general is due to variation between 
siblings and what portion is due to 
variation between individuals not so 
related. Fisher (4) gives a discussion 
of this problem. A somewhat indirect 
but logical approach to this problem 
would appear to be feasible through an 
analysis of the correlation of measure- 
ments of brothers (and sisters) as they 
pass through the same successive criti- 
cal ages. If this correlation of meas- 
urements remains relatively constant 
throughout the adolescent period, it 
may be that the time of acceleration 
and deceleration in growth occurs at 
approximately the same age in siblings 
of the same sex. On the other hand, 
if a change in the correlation of meas- 
urements is found, the extent of this 
change will furnish not only further 
detail of the nature of fraternal resem- 
blance but will furnish, as well, some 
data for the quantitative determina- 
tion of a further source of variability 
in growth processes. 

Other questions of interest to the 
student of human growth arise as a 
result of a consideration of the resem- 
blance of siblings. Thus, such perti- 
nent questions may be asked: Are 
there sex differences in age changes of 
fraternal resemblances? Does order 
of birth influence fraternal resem- 
blance? Are siblings widely separated 
in actual age more or less similar than 
siblings of nearly the same age? What 
effect does age of parents at the birth 
of their children have upon sibling 
resemblance? 

An exhaustive study of even these 
relatively simple problems would re- 
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quire the amassing of a great deal of 
data not easy to collect. Entirely 
satisfactory material probably can be 
obtained only by taking long-time 
serial measurements of a great many 
siblings. So far as the writer is aware, 
no such body of data is available at 
the present time. However, in the 
course of an extensive investigation of 
the growth of children, undertaken by 
the Office of Child Hygiene of the U.S. 
Public Health Service at Hagerstown, 
Md., during the years 1921-28, mate- 
rial has accumulated from which it is 
possible to make a preliminary analysis 
of certain problems dealing with sibling 
resemblance. 


This material includes, among other 
things, measurements of height and weight, 
recorded at least for 4 successive years, of 
approximately 2500 white children who 
attended the elementary grade schools of 
Hagerstown during 1921-1928. All of these 
measurements were made by trained field 
personnel of the U. S. Public Health Service 
and nearly 90 per cent were made by the 
same person. Height was measured in the 
erect standing position, without shoes, to 
the nearest + inch, according to the tech- 
nique prescribed by Hrdlitka (7). The 
same measuring board was used through- 
out the whole period of observation. 
Weight was measured on carefully cali- 
brated beam scales to the nearest }+ pound 
and included the regular indoor clothing 
except shoes, coats, sweaters and vests. All 
measurements of weight used in this study 
were recorded in May in the successive 
school years and, although not precisely 
on the same day in May each year, the in- 
terval between weighings is considered suf- 
ficiently exact for the purposes of this 
study. Measurements of height were made 
in the spring months and where the interval 
was not exactly one year, arithmetic inter- 
polations were made. For the classifica- 
tion of age, all children were grouped in 
single years of life as of the birthday 
nearest January 1 of the school year in 
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which they were measured. For further 
information concerning details of the 
general investigation the reader may con- 
sult references (8, 9, and 10). 


In the course of this 7-year investi- 
gation the height and weight of 193 
pairs’ of brothers and 154 pairs? of sisters 
were measured one or more times when 
the two brothers (or two sisters) were of 
the same chronological age. Thus 80 
brothers were weighed when both were 
7 years of age, 117 brothers were 
weighed when both were 8 years of age, 
the height of 63 brothers was measured 
when both were 7 years old, the height 
of 104 brothers was measured when 
both were 8 years old, and so on. 

From these data it was possible to 
make correlation tables, specific for 
each age from seven to twelve years, of 
the height and of the weight of pairs 
of brothers and pairs of sisters. Thus 
the weight of older brother was corre- 
lated with weight of younger brother, 
when both were 7 years old, the weight 
of the older brother was correlated with 
the weight of the younger brother when 
both were 8 years, and so on. The 
original data on which the study is 
based did not include notations of 
birth order. The analysis is limited, 
therefore, to correlations of older and 
younger siblings, regardless of order of 
birth. Also, no account could be 


2 None of these pairs was twins. Ina few 
cases there were 3 siblings in the same 
family, but in only 10 instances were there 
measurements on all three siblings at the 
same age. In each of these 10 cases, the 
three possible pairs of measurements were 
used but no account was taken of the fact 
that they were not independent. It was 
assumed, however, that no significant error 
would be introduced by treating these 
observations as independent. 
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taken of the actual difference in age of 
the siblings but, because the period 
of observation extended only over 7 
years, the greatest difference in actual 
age does not exceed 7 years. On the 
average the difference in ages of the 
paired brothers (and sisters) equals 
approximately 3 years. 

The results of the analysis of the 
separate correlation tables are sum- 
marized in table 1. This table shows, 
specific for the 2 sexes, specific for each 
age from seven to twelve years, and 
specific for heights and for weights, the 
mean and standard deviation of the 
measurement of the older sibling, the 
mean and standard deviation of the 
measurement of the younger sibling, 
and the observed and “‘corrected”’ cor- 
relation coefficients, the Pearsonian r, 
for the measurement on the two sib- 
lings. Individuals placed in a single 
age class are not precisely of the same 
age, ie., those grouped in the 7-year 
class included those between 63 and 74 
years of age. Thus, of a pair of broth- 
ers entered in one table, one might 
have been just more than 63 years of 
age and the other just under 7} years. 
The effect of such grouping would tend, 
clearly, to give coefficients less than 
those which would have been obtained 
had all brothers been exactly of the 
same age. A simple method of cor- 
recting for this difference has been 
proposed, (see Boas (2) and Berk- 
son (1)) and was used in the determina- 
tion of the “corrected’’ coefficients. 

In table 1 are given also the means, 
standard deviations and number of 
cases for measurements of height and 
weight of a large group of boys and 
girls who were measured in Hagers- 
town during the period of investigation 
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TABLE 1 
Constants derived from correlation tables of heights, and weights of brothers, and sisters; con- 
stants derived from frequency distributions of heights, and weights of all boys, and all girls. 
Elementary school children, Hagerstown, Maryland, measured during 1921-28 





Muay STANDARD CORRELATION 
NUMBER DEVIATION COEFFICIENT STANDARD| NUMBER 
OF PAIRS MEAN DEVIA- 

sla Older |Younger| Older |Younger| Ob- Cor- =e 
sibs sibs sibs sibs served | rected 














All boys (weight in 


Brothers (weight in pounds) pounds) 





49.15 | 6.25] 5.57 ; : 50.63 6.44 596 
54.46 | 6.46] 6.12 . ; 55.97 7.38 839 
59.36 | 6.90 | 6.65 ; ‘ 61.57 8.71 
64.58 | 8.05 | 8.03 : : 67.22 | 10.53 
72.15 | 10.16 | 10.03 ; : 73.91 | 12.36 
78.06 | 12.15 | 11.02 : : 80.98 | 15.01 

















All girls (weight in 
pounds) 


46.56 | 6.60} 5.28 : ; 49.11 6.25 573 
51.97 | 7.34] 5.79 ; : 54.18 7.51 811 
57.15 | 8.84] 7.55 : : 59.50 9.25 
64.26 | 9.70 | 9.76 : . 66.07 | 11.50 
72.00 | 12.17 | 13.29 ; Z 74.10 | 14.29 
82.49 | 16.55 | 14.43 j : 84.12 | 16.22 


Sisters (weight in pounds) 


























All boys (height in 
inches) 


46.17 | 2.20] 1.89 : : 46.27 2.15 
48.39 | 2.29) 1.81 42 : 48.48 2.19 
50.15 | 2.28] 1.95 .54 ; 50.63 2.28 
52.12 | 2.18 | 2.13 40 : 52.47 2.38 
53.85 | 2.52 | 2.22 37 : 54.32 2.52 
55.49 | 2.62] 2.41 .55 : 56.15 2.64 


Brothers (height in inches) 























All girls (height in 


Sisters (height in inches) inches) 





7 64 | 45.70 | 45.45 | 2.18] 2.65 F : 45.80 2.10 679 
8 79 | 48.22 | 47.73 | 2.12] 2.39 ‘ ; 48.02 2.17 797 

9 118 | 49.96 | 50.01 | 2.34] 2.49 d ‘ 50.06 2.30 909 
10 123 | 51.96 | 51.84 | 2.23] 2.34 : ; 52.13 2.39 960 
11 93 | 53.97 | 54.03 | 2.60] 2.65 ; h 54.23 2.70 859 
12 37 | 56.03 | 56.03 | 2.98 | 2.77 ‘ ; 56.62 2.99 654 





























(1921-28). These data furnish stand- RESULTS 
ards with which the measurements of Correlation of siblings. Figure 1 


the siblings will be compared. shows graphically the variation with 
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age of the corrected coefficients of cor- 
relation. A considerable amount of 
irregular fluctuation in the coefficients 
is apparent. It may be noted, how- 
ever, that the coefficients tend to be 
higher for brothers than for sisters, and 
that those for height are higher than 
those for weight. For brothers the 
average of the coefficients of correla- 
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vary from 0.05 to 0.17. With these 
large sampling errors it is not possible, 
unfortunately, to evaluate with preci- 
sion the age trends of the correlations 
for height, and weight, for brothers and 
sisters separately. Nevertheless, one 
fact can be noted, namely, that the 
degree of correlation tends to decrease 
with advancing age during this period of 
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Fig. 1. CorRELATION COEFFICIENTS, SPECIFIC FOR AGE, OF THE HEIGHTS AND 
OF THE WEIGHTS OF SIBLINGS 


tion for all ages for both height and 
weight together equals +0.47 while 
a similar average for sisters equals 
+0.30. The average coefficient, all 
ages, of height for both brothers and 
sisters together is +0.44 and that for 
weight is +-0.33. 

The standard deviations of random 
sampling of the individual coefficients 


growth. The averages of the coeffi- 
cients of height, and weight, for 
brothers, and for sisters, for the suc- 
cessive age classes are as follows: 


7 years +. 
8 years + . 
9 years +. 
10 years + . 
11 years +. 
12 years + . 
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The age change in this series of coeffi- 
cients, while not great, indicates with- 
out much doubt that the resemblance 
of siblings of the same sex tends to 
become less with increasing age. Ac- 
cording to these data the downward 
trend is fairly uniform during the whole 
period. Although the ages under 
observation do not extend far into 
the period of adolescent accelerated 
growth, there is no conclusive indica- 
tion that the beginning of the acceler- 
ated phase, approximately 10 years in 
girls and 11 years in boys, is associated 
with a marked decrease in sibling re- 
semblance. Taking all of the evidence 
at hand, however, it is fairly conclusive 
that the average correlations of these 
physical measurements of siblings at 
12 years of age is probably not much 
greater than that implied by a correla- 
tion coefficient of +0.30. Pearson 
and other investigators have shown, 
and their findings are generally ac- 
cepted as correct, that the physical 
resemblance of adult siblings is repre- 
sented approximately by a coefficient 
of +0.50. If it can be assumed that 
the coefficient of +0.30 at 12 years is 
approximately correct it is clear that 
during the adolescent period siblings 
resemble each other considerably less 
than they have at an earlier age, say 7, 
and also, considerably less than they 
will at a later age, say in early adult 
life. 

Another view of the change with age 
in general physical resemblance of 
siblings can be obtained through an 
analysis of variation. Suppose a large 
number of pairs of children of the same 
age and sex be drawn at random from 
the general population and an average 
measure of the differences between the 
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pairs be expressed in terms of the aver- 
age root mean square difference be- 
tween their measurements. If o de- 
notes the standard deviation of the 
measured character, o, the average 
root mean square difference between 2 
children, and r the correlation of the 
measurements of the two children, then 
the following well known formula may 
be written 


ou = Vo? + ao? — 20*r 


In case two unrelated children are 
drawn at random, r equals zero and the 
equation becomes 


= /2 6 


In case pairs of siblings are drawn at 
random from the population, assuming 
that the standard deviation of siblings 
is equal to the standard deviation of 
children in general, o.,, the average 
root mean square deviation of siblings 
is 


Cn = /2¢ VJ/1 | 


The variability of two siblings drawn 
at random compared with the varia- 
bility of two unrelated children can 
now be expressed in relative terms as 
the ratio 


Variability of siblings 
Variability of unrelated children 





i.e., 


ow V20evV/1—r 
Cu /2 ¢ 


wa Vir 
ou 


When r is set equal to +0.5, the esti- 
mated average value of fraternal cor- 
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relation at 7 years (and also adult life), 


— becomes approximately .7 or 70 per 


cent. From this viewpoint, then, two 
siblings, drawn at random from the 
population of 7 year olds (or young 
adults) will show 70 per cent as much 
variation as two unrelated individuals 
drawn from the same population. 
When r is set equal to 0.3, the esti- 
mated value of the fraternal correlation 
at 12 years of age, the relative varia- 
bility of siblings compared with unre- 
lated individuals is 


= = 4/1 — 3 = 84 or 4% 

Thus at 12 years of age the variability 
of siblings is 84 per cent as great as the 
variability of unrelated children. Ac- 
cording to this somewhat arbitrary and 
obviously general view of the problem, 
at 7 years of age and again in adult life, 
siblings are 30 per cent less variable 
than unrelated individuals, while at 12 
years of age siblings are only 16 per 
cent less variable than unrelated 
individuals. 

With some caution, two conclusions 
may be drawn. First, at the age of 12 
years brothers (and sisters) are more 
dissimilar in respect to height and 
weight than they were at 7 years of age 
and, also, that at 12 years they are 
more unlike, with respect to the same 
measurements, than they will be as 
adults. In other words, the growth 
patterns of brothers (and of sisters) are 
not identically similar on the scale of 
chronological age. The second con- 
clusion, and this follows as a corollary 
from the first, is that at least a part of 
the variability of measurements of 
growth observed in studies of large 
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groups of children is due to the dif- 
ferences in the growth patterns of 
hereditarily similar individuals, e.g., 
brothers and sisters. 

As has been noted above, it would be 
of considerable importance to make a 
precise quantitative estimate of the 
portion of the variation of measure- 
ments of growth that may be accounted 
for from the two sources, first the varia- 
tion arising as the result of differences 
of growth of siblings, and second, vari- 
ation arising as a result of differences 
in growth of individuals not of similar 
heredity. Unfortunately, in view of 
the fact that the constants derived are 
subject to such large sampling errors, 
it seems wise to reserve such a quanti- 
tative analysis until more extensive 
and precise data are available. In this 
connection, it may be stated that fur- 
ther data are being collected which, 
when completed and analyzed, may be 
expected to furnish more conclusive 
and comprehensive results. 

Height and weight of siblings com- 
pared with those of all children. In 
figure 2 the means and standard devia- 
tions of measurements of siblings are 
compared graphically with similar con- 
stants for all of the children meas- 
ured in the Hagerstown investigation. 
With respect to weight, the averages 
at each age and the standard devia- 
tions at most ages are less for the sib- 
lings than for the total group of chil- 
dren. On the whole, the differences 
between the siblings and other children 
are larger and less irregular for boys 
than for girls but in general it is appar- 
ent, in this group of children, that boys 
who have brothers and girls who have 
sisters are both lighter and less variable 
in weight than the general population 
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of boys and girls. With respect to 
height, the averages for the brothers 
are slightly but consistently less than 
those for the other boys; the averages 
for the sisters are more irregular but 
there is some evidence that girls with 
sisters in the group measured tend to 
be shorter than those without sisters. 
The standard deviations of the heights 
of the siblings fluctuate with some 
irregularity about those for other chil- 
dren and it must be concluded that 
variability of heights of siblings is not 
significantly different from the varia- 
bility of heights of children in general. 

A possible explanation of the differ- 
ence between boys and girls in the 
general population and boys who have 
brothers and girls who have sisters may 
be due to the combined operation of 
differential fertility rates and growth 
rates of children from different eco- 
nomic levels. It has been shown by a 
number of investigators that children 
from the poorer economic classes are 
on the average lighter in weight and 
shorter in height than children from 
families in the better economic classes. 
It has been shown also that families of 
the poor tend to be larger than families 
of the more well-to-do. Although no 
quantitative evaluation of the opera- 
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tion of these factors can be given it 
seems not improbable that the ob- 
served difference of the siblings may be 
due to the differential selection of a 
large proportion of siblings from the 
lower economic groups. 


SUMMARY 


This study, based on measurements 
of height and weight of siblings at suc- 
cessive ages, shows that the coefficients 
of correlation of height and of weight 
of brothers and of sisters decrease with 
increasing age from the 7th to the 12th 
years. In the light of previous work 
on adult siblings, together with the 
result presented here, it is concluded 
that fraternal resemblance of physical 
characters is less at 12 years of age 
than it was earlier in life, say age 7, 
and less than it will be later, say, in 
early adult life. Study of the heights 
and of weights of siblings shows that 
boys that have brothers and girls that 
have sisters tend to be lighter in weight 
and slightly shorter in height, on the 
average, than a large group of boys and 
girls in the general population. The 
siblings measured tend also to be less 
variable in weight than the general 
group of boys and girls. 
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A Comparison of the 


Abbreviated and the 


Complete Stanford Revision of the 
Binet-Simon Scale 


Lenoir H. 


CHILD of fifteen years seven 
A months of age was given the 
Stanford Revision of the Binet- 

Simon Scale. Different methods of 
calculating the menial rating gave the 
following results: mental age—15 years 
3 months, 16 years 8 months, or 17 
years 2 months; intelligence quotient— 
98, 107, 109, 110, 119, or 123. If these 
diverse ratings had been secured by the 
use of different tests the difficulty of 
interpretation might be met by follow- 


ing the oft-made suggestion of labeling 
the result, e.g., Kuhlmann mental age 
or Otis S. A. intelligence quotient. 
This is not the case: the above ratings 
were all obtained from one examination 
using the Stanford Revision of the 


Binet-Simon Scale. It is obvious that 
in the use of this scale more detailed 
labeling is advisable. These diverse 
ratings were obtained for mental age 
by using (a) the abbreviated form of 
the scale (starred tests on the blanks 
furnished by the Houghton-Mifflin 
Co.), (b) the complete scale, (c) the 
complete scale with the Terman cor- 
rection (6) for the upper years of the 
test. Each of these mental ages yields 
an intelligence quotient with any 
chronological age used as the adult 
level of mental maturity. In this ex- 
ample chronological age levels of four- 
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teen and sixteen years were employed 
as they are the more common in clinical 
practice. We have here then two sets 
of ratings determined by the use of the 
abbreviated or the complete scale of 
the Stanford Revision of the Binet- 
Simon tests. This observation of an 
actual case raised a number of ques- 
tions in regard to the use of the two 
scales for clinical purposes. 

Is there a significant difference in 
intelligence rating of individuals on the 
complete and on the abbreviated 
scales? If so, what per cent of indi- 
viduals are affected? What consti- 
tutes a significant difference? Does 
this difference have a constant direc- 
tion: (a) rated higher by the ab- 
breviated scale; (b) rated lower by 
the abbreviated scale? What factors 
predicate this difference: (a) Chrono- 
logical age, (b) mental age, or (c) 
intelligence quotient? Are the two 
scales equal in value for clinical pur- 
poses? If the results obtained by the 
two scales are so nearly identical as to 
be interchangeable, then for practical 
reasons the shorter of the two scales 
is the more desirable. It would mate- 
rially lessen the time necessary for an 
examination and thereby make possible 
an increase in the number of subjects 
seen. This economy of time is of no 
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small moment in school or court clinics 
where examinations are made under the 
heavy pressure of hundreds of cases. 

This need for a reduction in time 
required for the giving of the complete 
Stanford Scale has prompted several 
investigators to devise abbreviated 
scales. Doll (2) made a selection of 
tests from the complete scale which 
“should exaggerate mental retardation 
in mentally defective subjects but 
would leave the mental level of normal 
subjects unaffected.”’ For this scale 
he chose two tests per year from years 
V to X inclusive. The selection of the 
tests was based upon data from the ex- 
aminations of 88 normal subjects, 
chronological age five to ten years, and 
189 feeble-minded, mental age five to 
ten years with average chronological 
age 20 years. He states that ‘‘mental 
ranks will have practically the same 
reliability for the normal subjects as 
for the feeble-minded subjects, but the 
mental age values for the feeble- 
minded subjects will be from 5 to 10 
per cent lower by the brief scale.” 
Correlating mental ages on the two 
scales he obtained a correlation of .98 
for the normal subjects, and .90 for the 
feeble-minded. Subsequently he se- 
lected ‘‘on the basis of experience” two 
tests per year for years III, IV, XI, 
and XII. This scale he suggests for 
use in the first five grades of the public 
schools. 

Just after the war several other 
investigators reported experiments in 
devising brief scales made up of selec- 
tions of test items from the complete 
Stanford-Binet Scale. These scales 
were developed to meet special condi- 
tions of psychological examining in the 
army. Lincoln, and Cowdery (4) 
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reported on a scale made up of two 
tests per year. In this study there 
were 486 soldiers. The author points 
out that the order of difficulty of the 
tests for soldiers differs from that for 
school children. The conclusions from 
the studies of the briefer army scales 
have no value in our present investiga- 
tion, not alone because of differences 
in subjects but also in scales under 
consideration. The complete army 
scale was itself an abbreviated scale 
made up of only four tests per year, 
not the same as the four starred tests 
of the Stanford-Revision blank. 

Aside from the reports already men- 
tioned of brief Stanford-Binet scales 
the only other found was that by 
Brooks (1). He used for a brief scale 
the four starred tests of the Stanford- 
Revision blank. The data given are 
of 575 individuals, chronological age 
range six to seventeen years inclusive. 
Although not specifically stated by the 
author it may be assumed from chrono- 
logical age range that the subjects 
were school children. Brooks reports 
that the group as a whole was below 
normal. The differences in intelli- 
gence quotients on the two scales range 
from —33 to +31 points. The middle 
fifty per cent of differences is from four 
to seven points. After analyzing his 
data he concluded that the “‘abbrevi- 
ated Stanford-Binet gives intelligence 
quotients from two to four points less 
accurate than those of the complete 
scale”’ and that ‘‘the abbreviated scale 
is almost as accurate as the complete 
scale, whether it be used to determine 
an individual’s intelligence quotient 
or the relative mental standings of a 
group.” 

The data used in the present report 
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consist of the individual examination 
records of 375 pupils in the public 
schools of Rochester, N. Y. These 
pupils were those referred to the psy- 
chologist for aid in educational and vo- 
cational guidance, for the correction of 
some behavior or personality difficulty, 
or merely because parents wished to 
take the opportunity offered for psy- 
chological counsel, or because the 
pupils themselves requested it. Each 
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year level for adult intelligence was 
used. The two sets of values thus 
obtained were then compared. Ter- 
man’s correction (6) for the upper 
ranges of the test could not be used as 
data, for proportionate values to be 
added in using the abbreviated scale 
could not be obtained. The use of this 
correction would in some cases result in 
even greater differences than are here 
reported. 








pupil was given the complete form of 
the Stanford Revision of the Binet- 
Simon Scale. These complete test 
records were then re-estimated as if 
only the starred tests of the scale had 
been used. Throughout this paper the 
tests starred on the Stanford Revision 
of the Binet-Simon test blanks fur- 
nished by the Houghton-Mifflin Com- 
pany form the abbreviated scale of the 
report. In calculating the intelligence 
quotient for the upper ages the sixteen 
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Fig. |. Distribution of Intelligence Quotients 


— Complete Scale 
--—- Abbreviated Scale 


The chronological age range of the 
group was 11 years 2 months to 20 
years 8 months inclusive. The mental 
age range on the complete scale was 
8 years 6 months to 19 years 0 
months; on the abbreviated scale 8 
years 9 months to 19 years 6 months. 
The range of intelligence quotients on 
the complete scale was 53 to 154; on 
the abbreviated scale 55 to 156. 
Rated by either scale approximately 
fifty per cent of the group fall within 
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the limits of normality as defined by 
Terman (5). The distribution shown 
in figure 1 follows rather closely the 
normal curve whichever of the two 
scales is used. 


TABLE 1 
Differences in intelligence quotients, abbrevi- 
ated minus complete scale rating. Three 
hundred and seventy-five cases 





TOTAL 
FREQUENCIES 
IN EACH 
GROUP 


PER CENT 
DIFFERENCES OF TOTAL 


J 
IN IQ FREQUENCY 


NUMBER 
OF CASES 





—14 
—13 
—12 
—il 
—10 
=—9 
—8 
—7 
—6 
—5 


—4 
—3 
—2 
—1 

0 
+1 
+2 
+3 
+4 


+5 
+6 
+7 
+8 
+9 
+10 
+11 
+12 
+13 
+14 

















Table 1 shows the distribution of the 
differences in intelligence quotients 
when the intelligence quotients ob- 
tained on the complete scale are sub- 
tracted from the intelligence quotients 
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obtained on the abbreviated scale. It 
is seen that 273 cases or about 73 per 
cent show a difference of less than five 
points. This amount of variation may 
be assumed to be insignificant unless 
consistently in the same direction. 
Therefore, in the large majority of 
cases the two scales give quantitative 
results approximately equal. This 
finding is in agreement with Brook’s 
(1) statement that the abbreviated 
scale is almost as accurate as the com- 
plete scale to determine the relative 
mental standings of a group. This 
quantitative similarity may, however, 
conceal qualitative differences of great 
significance for individual diagnosis. 
The equivalence in mental age rating 
cannot be construed as diagnostic 
equivalence. Subject S. B. is illustra- 
tive of cases where the quantitative 
difference is insignificant but where the 
qualitative differences are significant 
for the clinical psychologist. This 
girl’s chronological age was 16 years 
4months. She failed test 3, one of the 
unstarred tests, in year XII. Per- 
formance on this test was too poor even 
for credit at the eight year level. 
Because of this failure it was necessary 
to go back as far as year VI for a basal 
year. If only the abbreviated scale 
had been used year IX would have 
been the basal year. The total quanti- 
tative difference of 2 points in intel- 
ligence quotient was not significant, 
but the knowledge of the subject’s 
failure on test 1 in year VIII and tests 
2 and 6 in year VII, these latter two 
starred tests, would be worthy of con- 
sideration in a clinical diagnosis for 
educational guidance. The _ intelli- 
gence rating itself does not furnish 
sufficient means for mental diagnosis. 

A difference of five or more points in 
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intelligence quotient is assumed to be 
a significant difference. This amount 
is an arbitrary one chosen because it 
covers half the range of any of the 
Terman classification groups except 
that of the normal. From table 1 it is 
seen that 102 cases or 27 per cent vary 
to this amount. The range of this 
variation is from —14 to +11 points 
in intelligence quotient. Quantitative 
differences among this 27 per cent 
appear sufficiently great to be of impor- 
tance in any study of an individual. 
The range of variation reported in this 
investigation is not as great as that 
reported by Brooks (1). In the 
process of analyzing his data Brooks 
seems to have overlooked the indi- 
vidual in his effort to discover the 
general agreement between the two 
scales under consideration. 

It may be interesting to give here 
several cases having what the author 
considers a significant absolute differ- 
ence in rating. Interesting diagnostic 
differences will be noted also. Case 
number 1, R. F. boy, chronological age 
14 years 5 months. Using the com- 
plete scale the basal year is VII, but 
using the abbreviated scale the basal 
year is X. In this case not only is the 
quantitative difference of 8 points in 
intelligence quotient large enough, per- 
haps, to be considered significant, but 
also for an analysis of the subject’s 
possibilities and limitations it is valu- 
able to know that he fails in test 1 year 
VIII, test 6 year IX, test 3 year X, 
test 3 year XII, and that he succeeds 
in test 2 year XII and test 2 year XVI. 

Case number 2, A. G. girl, chrono- 
logical age 16 years 9 months. In the 
upper years of the test it is fairly com- 
mon practice, in cases where good rap- 
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port between the psychologist and the 
subject has been established, to begin 
the examination with the vocabulary 
test, and to proceed from the year level 
indicated by the rating obtained on 
this test. If this were done in the case 
of A. G. using only the abbreviated 
scale the mental age rating would be 
11 years 0 months, intelligence quo- 
tient 69; but using the complete scale 
successes on both unstarred tests in 
year XIV, all other tests of this year 
having been failed, leads one to con- 
tinue. The successes in year XVI and 
year XVIII are starred tests. Her 
achievement in school and her social 
adjustment indicate that the rating 
obtained by use of the complete scale 
more accurately represents her intel- 
lectual level. 

Case number 3. Likewise in the 
case of M. N., chronological age 13 
years 8 months, mental age obtained 
by use of the abbreviated scale only 
would have been 11 years 5 months 
with an intelligence quotient of 84. 
This would be 11 points lower in intelli- 
gence quotient than that obtained by 
the complete scale. In using the ab- 
breviated scale all starred tests in year 
XIV were failed, yet there were suc- 
cesses on starred tests in years XVI and 
XVIII. These would not have been 
discovered in using only the abbre- 
viated scale, for the examination would 
have stopped at year XIV. 

Case number 4. On the abbrevi- 
ated scale the intelligence quotient for 
C. W. was 14 points lower than on the 
complete scale. Beyond the XII year 
group of tests there were six successes, 
five of which were not included in the 
abbreviated form. An analysis of 
these successes in a clinical diagnosis 
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may be of more value even than the 
very large variation in intelligence 
quotient would suggest. 

Does the difference between the two 
forms of the scale have a constant 
direction so that it may be corrected 
by conversion constants? Table 1 
shows 168 cases rated lower by the 
abbreviated scale, 66 of these, or 39 
per cent are five or more units lower; 
171 cases are rated higher by the abbre- 
viated scale with 36 of these, or 21 
per cent, five or more points higher. 
It is thus seen that the difference in 
intelligence quotient between the two 
scales does not tend in any constant 
direction for the group under consider- 
ation; so cannot be corrected by con- 
version constants. 

What is the relation of this difference 
to chronological age? The correlation 
coefficient of difference in intelligence 
quotient with chronological age is 
found to be —.08 P. E.+.03. This is 
practically zero correlation and indi- 
cates that the younger and the older 
children are equally affected by the 
change of scales. 

What is the relation of difference in 
intelligence quotient on the two scales 
to mental age on the complete scale? 
The coefficient of correlation here is 
—.10 P. E.+.03. Thus it is seen that 
the subjects below and those above 
average in mental age rating are 
affected about equally, for no signifi- 
cant correlation exists between the two. 

The correlation coefficient for dif- 
ferences of intelligence quotient on the 
two scales and the intelligence quotient 
on the complete scale is —.07 P.E. 
+.03. Here again the correlation is 
insignificant. This indicates that for 
this group the brighter and the duller 
children are about equally affected. 
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Correlations between the two test 
series were not computed. It has been 
pointed out (3) that correlations ob- 
tained whenever the measurements 
obtained from one set of data are 
included in those of the other set are 
spurious correlations. Since the brief 
scale is exactly two-thirds of the com- 
plete scale a very high correlation be- 
tween the two would be inevitable. 
But it would be a spurious correlation. 
Such are many of the correlations of .90 
and above reported in previous studies 
of the abbreviated scales of the Stan- 
ford Revision of the Binet-Simon Scale. 

In treating statistically the data 
from the two sets of measurements one 
learns that for about three-fourths of 
the cases the briefer form gives results 
similar to the complete form. But for 
the other fourth the variation is signifi- 
cantly great. Which of the two scales 
is the more valid has not been deter- 
mined. However, in a _ statistical 
treatment of data one is apt to over- 
look the individual in the process. A 
study and diagnosis of individual dif- 
ferences is the primary object of clini- 
cal psychology. It is generally agreed 
that the greater the variety of standard 
situations the less likelihood of invali- 
dation due to environment or to educa- 
tional opportunity. For this reason 
the complete scale is to be preferred to 
the abbreviated scale for subjects pre- 
senting exceptional or puzzling prob- 
lems. Terman writes: ‘The brief 
form is by no means as reliable as the 
entire scale. It should be used only 
when it is absolutely impossible to 
make a complete test.’’ In a letter to 
the author of this paper he states also 
that data on which he bases this con- 
clusion or on which the starred tests 
were selected have not been published. 
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SUMMARY 


This paper is a report of differences 
in mental rating obtained by using the 
complete Stanford Binet Scale and the 
abbreviated Stanford Binet Scale, 
starred tests on the Houghton-Mifflin 
Company blanks of the Stanford Revi- 
sion. The data are from 375 examina- 
tions of public school children whose 
chronological age range is 11 years 2 
months to 20 years 8 months inclusive. 
The purpose is to emphasize some of 
the differences significant for indi- 
vidual psychology. The group on 
which the data are computed shows a 
normal distribution in intelligence 
ratings as determined by the Stanford 
Revision Scale. 

A difference of five points is arbi- 
trarily chosen as a significant difference 
in intelligence quotient because it 
covers one-half the range of any of the 
Terman classification groups except 
that of the normal. 

A significant difference in intelli- 
gence quotient is found in 27 per cent 
of cases when ratings obtained by the 
complete and abbreviated scales are 
compared. - 
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There is no constant direction of dif- 
ference in intelligence quotient be- 
tween the two scales for the group 
under consideration. Therefore, no 
correction constant may be used. 

The correlation between chrono- 
logical age and intelligence quotient 
differences shows the younger and the 
older children equally affected by the 
change of scales. Subjects above and 
subjects below average in mental rat- 
ing are equally affected by the change 
in scales. The brighter and duller 
children as judged by intelligence quo- 
tient ratings on the complete scale 
seem to be about equally affected by 
use of the abbreviated scale. 

The variation in intelligence quotient 
between the two scales is insignificant 
for about three-fourths of the group. 
Variation for the other fourth is large 
enough to be considered significant. 

Qualitative differences may be great 
enough to be worthy of note for clinical 
diagnosis even when quantitative dif- 
ferences are small. 

In conclusion, the more extended 
form of the scale is to be preferred to 
the abbreviated form for use in making 
a clinical diagnosis of an individual. 
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A Study of Attention in Young Children’ 


Mary Francts BEsTorR 


LTHOUGH studies of the atten- 
A tion of young children have 

been few in number, a tech- 
nique of observation has been de- 
veloped. This involves diary and time 
records of the behavior of young chil- 
dren in certain somewhat controlled 
manipulations similar to, if not identi- 
cal with play. In general, these 


studies have defined attention span as 
synonymous with activity span, and 
have not distinguished between activi- 
ties to which attention is actually 
directed and those which merely con- 
tinue if uninhibited. 

Mueller and Pilzecker in 1900, 


according to Foster (4), pointed out 
that ideas possess a perseverative tend- 
ency which generally passes rapidly 
away, but which, when attention is 
directed intensely upon the idea, 
strongly persists. There is consider- 
able difference of opinion as to the sig- 
nificance of this factor. Foster’s (4) 
study revealed no facts in support of 
the assumption that such a tendency to 
perseveration exists. Lankes (5), on 
the other hand, found that there is a 
distinction between perseveration 
through the nervous system, and per- 
sistence through actual effort and indi- 
vidual will power. 

Cushing (2) made a study of the 
tendency in preschool children, defin- 


1From the Department of Child Devel- 
opment, Mills College. 


ing it as a particular drive of the organ- 
ism toward continuous activity of an 
organic pattern once aroused. She 
found a common factor throughout the 
occupations of young children involv- 
ing manipulative materials of a simple 
repetitive sort, which may be ac- 
counted for by perseveration. The 
writer herself points out that it is 
impossible to be sure to what extent 
the perseverative tendency is coter- 
minous with “interest in manipula- 
tion,’ a common factor in activity 
situations of this nature. 

In order to limit the scope of the 
present investigation, attention has 
been defined in as limited and as spe- 
cific a fashion as possible. Dashiell 
(3) has defined it as the attitude facili- 
tating the response of an individual to 
some particular stimulus or stimuli. 
This definition which restricts the 
range and nature of stimulation and 
rules out the tendency to persevera- 
tion, has served as a guide to the inter- 
pretation of the term throughout the 
investigation. 

In order to differentiate between 
attention and interest in activity it 
seemed advisable to select materials 
that would be meaningless. Just as 
nonsense syllables have been devised to 
test learning, so it was thought that 
nonsense visual and auditory stimuli 
could be devised to test attention. To 
render a visual stimulus meaningless it 
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is necessary to get away from color 
and pattern. For a meaningless audi- 
tory stimulus it is necessary to elimi- 
nate melodic and rhythmic pattern. 
Because it is so difficult to isolate 
tactual, olfactory and gustatory stim- 
uli, they have not been included in the 
present investigation. The ommission 
of tactual stimuli was made with a defi- 
nite purpose in view, namely to elimi- 
nate manipulation in order to minimize 
as much as possible the tendency to 
perseveration. 


THE EXPERIMENTAL SITUATIONS 


The experiment involved three dis- 
tinct series of situations, an original 
experiment and the repetition of two 
previously published experiments. 
The test devised to meet the require- 
ments for a meaningless visual stimulus 
presented a colorless light shining 
behind an irregular, opaque field about 
two square feet in area. The light 
flashed off and on, at short and irregu- 
lar intervals. It was placed behind a 
screen so that it could be observed only 
from a limited area of approximately 
12 square feet. While the child was 
within this area he was considered to 
be reacting to the stimulus, but he was 
free to move about the room as much 
as he wished. There was nothing else 
in the room during the experiment. 
With half of the subjects the visual 
situation was presented twice. The 
general outline of the field of light dif- 
fered in the two situations, but both 
were, to all intents and purposes, 
meaningless. 

The problem of finding meaningless 
auditory stimuli was more difficult, 
but a solution was presented by the 
Victrola records of the Seashore test 
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for pitch discrimination, in which there 
is scarcely any rhythmic pattern and 
the changes in pitch follow no melodic 
pattern. Each Victrola record took 
three and a half minutes to play and 
there was no explanatory comment to 
offer distraction. Short of actually 
constructing records, there was no 
more suitable material available. The 
Victrola was started before the child 
entered the room, and was placed out 
of sight inacloset. In only a few cases 
was it necessary to play more than one 
side of the disc, and with the exception 
of these cases the child did not see the 
instrument at all. The door into the 
hall was left open to permit freer 
movement in and out of the range of 
the auditory stimulus. There was 
nothing in the room, and the duration 
of the attention span was recorded as 
the time spent in the room. 

A study by Shacter was selected for 
repetition because it purported to be a 
test of attention, although, in the 
writer’s opinion, the behaviour meas- 
ured was not limited to attention but 
included interest in manipulation and 
perseveration, as well. 

Shacter (6) defined attention span 
simply as the time during which a 
given activity continues without exter- 
nal compulsion or persuasion. In try- 
ing to eliminate situations in which a 
goal was implicit, she chose materials 
which would lend themselves to repeti- 
tion in manipulation tending to indefi- 
nite perpetuation. She found no ap- 
preciable difference in the length of the 
attention span at the three levels, but 
found an increased span in proportion 
to the complexity of the activity. 

In a second study, Shacter (17) 
attempted to find out whether or not 
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there was a relationship between intel- 
ligence and attention span, as was sug- 
gested by the dependence of the length 
of the period upon the complexity of 
the activity. A rating was obtained 
through a composite scale made up of 
the verbal tests from the Stanford- 
Binet series, a performance test from 
the Merrill-Palmer series, and a picture 
pointing test from the Detroit Kinder- 
garten series. Her hypothesis was not 
supported by the results, which indi- 
cated that some other factor than men- 
tal ability is operative. The principal 
criticism which can be made of such 
studies of the attention of young chil- 
dren is concerned with the basic 
assumption that attention span is 
synonymous with duration of activity. 

The two situations selected were 
chosen because they seemed most suit- 
able to the age group which was to be 
observed, not because of any prefer- 
ence expressed by the original experi- 
menter. In addition to the time 
records, a detailed account of the type 
of manipulation, color and form dis- 
crimination, and the comments, both 
relevant and irrelevant made by the 
subjects, was recorded at the time of 
observation. 

To provide a measure of the persev- 
erative tendency, the auditory and 
the visual experiments of Cushing’s 
study were repeated. The two situa- 
tions selected, namely the visual and 
the auditory, were chosen as those 
most nearly corresponding to the type 
of situation to be presented in the third 
part of the experiment. Diary records 
as well as time records were kept 
during this series also. The two tests 
were presented on the same day, the 
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auditory invariably preceded the 
visual. 

The third series consisted of the 
visual and auditory situations de- 
scribed at the beginning of this section. 
In the Cushing and Shacter experi- 
ments the child’s performance was pre- 
ceded by demonstration. The present 
experiment required no demonstration 
since no manual response on the part of 
the child was necessary. No direc- 
tions were given except immediately 
preceding the experiment. In the 
visual situation the child was told that 
there was something he might see if he 
looked behind the screen. As soon as 
the child passed the screen and came 
within the area where the light was 
visible the stop watch was started 
and was not stopped until he left that 
area. No further remarks were made 
by the experimenter except in answer 
to individual questions. In the case 
of the auditory stimulus, before the 
child entered the room he was told 
there was something which he might 
hear. A record was kept of the time 
spent in the room itself. In afew cases 
it was necessary to say to the child that 
he might leave the room when he was 
through looking or listening. A record 
was kept of all such instances together 
with the circumstances preceding and 
the child’s reaction. 

Each child was observed in each of 
the 3 series, and in every case, but 1 
series was presented on a single day. 


Teacher’s Rating Scales 


To provide a means for evaluating 
the traits which were being measured 
by the original experiment, a rating 
scale was devised by which each child 
was rated by three Nursery School 
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teachers. The following statements 
were graded as to their applicability to 
the behavior of each specific child, on 
the basis of a five-point scale: 


1. He attends to one thing for a long 
time. 

2. His attention is attracted easily. 

3. His attention is distracted with 
difficulty. 

4. He always finishes an activity begun. 

5. If interrupted, he returns to the 
original activity. 


If the description of behavior were 
exceptionally true of the individual’s 
behavior he was rated 5, if excep- 
tionally untrue 1; merely average 
manifestation of the behavior was 
graded 3. Thus there was a possible 
range of from 5 to 25 points per child 
per observer. Since Conrad (1) found 
that no matter how significant the 
factor of skewness might be in indi- 
vidual judge’s ratings, the significance 
practically disappeared if three or 


more judges’ ratings were averaged, 


the final score for each child was the 
average of the three teachers’ ratings. 

The Subjects. The subjects for this 
investigation were drawn from two 
sources. In each group there were 7 
four year olds, 8 three year olds and 3 
two year olds. The first group, which 
will be designated as Group I, con- 
sisted of eighteen children from the 
Mills College Nursery School between 
the ages of twenty-nine and fifty-eight 
months. In Group I age was not a 
selective factor. The group as a whole 
had had several months together, were 
familiar with the part of the building 
in which the investigation room was 
located, and were in daily contact with 
the experimenter in the regular routine 
of the Nursery School. The selective 
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nature of the enrollment provided that, 
as far as family background was con- 
cerned, this was a fairly homogeneous 
group, if not a widely representa- 
tive one. 

Group II, on the other hand, was 
drawn from an Emergency Nursery 
School which was held in the Mills 
College Nursery School building in the 
afternoons. The 18 children were 
selected as most nearly approximating 
the ages of the corresponding children 
in Group I. The age range was from 
twenty-nine to fifty-five months. 
Group II forms a heterogeneous group 
as to the economic and educational 
background of the families represented. 
The requirement for admission to the 
Emergency Nursery School was an 
income as low as that required by the 
county for relief, but the vocational 
training of the fathers ranged from day 
laborers up to the professional class, 
The majority of the fathers were unem- 
ployed except for part time. Some of 
the parents had had as little as six 
years of elementary school, while 
others had had as much as five years 
of college education. None of the 
children, with the exception of brothers 
and sisters and cousins, had been to- 
gether before the beginning of the 
investigation period, or had had other 
school experience. They were unfa- 
miliar with the entire second floor of 
the Nursery School building where the 
investigation room was located, except 
for those who had been brought to the 
doctor’s office for physical examina- 
tion. The experimenter came into 
contact with the child only in the ob- 
servation situation. Added to these 
dissimilarities in conditions, the second 
group was less likely to be familiar 
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with much of the material used in the 
first part of the tests, than were those 
who had had considerable nursery 
school experience. It is for these 
reasons that the data for the two 
groups is, in some instances, analysed 
separately. In general, the observa- 
tion period for each child in Group I 
covered from two to four weeks; in 
Group II the period ranged from four 
days to two weeks. 

Reliability of the Original Experi- 
ment. Since two of the three series 
had been previously used, no effort was 
made to estimate the reliability or 
validity of these. In the case of the 
original experiment, however, various 
methods were employed to determine 
its reliability as a measure of atten- 
tion. The visual part of the series 
was repeated twice with the children 
from Group I. 

Comparison of the results by the 
Pearson product moment method 
yielded a correlation of 36 +.13. 
This correlation is not only too low to 
indicate any significant reliability be- 
tween the first and the second presen- 
tations of the visual stimulus, but, in 
addition, the probable error is so large 
as to make it impossible to place any 
confidence in the measurement. 

The teachers’ ratings were used as a 
further check on the reliability of the 
two series. A fairly high correlation, 
+.70 +.08, was found between the 
teachers’ ratings in Group I and the 
score for the auditory series. In Group 
II, however, the correlation approaches 
zero: +.07 +.007. There may be 
many factors which account for this 
marked discrepancy, the most impor- 
tant of which is the difference in the 
experience of the raters. In Group I 
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the ratings were made by experienced 
nursery school teachers who were 
familiar with the method and had had 
considerably more opportunity to ob- 
serve the children whom they rated, 
both over a longer period of time and 
in a larger number of situations, than 
the teachers in Group II. Although 
the same ratings are correlated with 
the scores obtained from the visual 
stimulus, the same discrepancy does 
not appear. In Group I the correla- 
tion is +.380 +.14 and in Group II 
+.29 to +.14. Neither of the corre- 
lations obtained between the visual 
score and the teachers’ ratings can be 
viewed with confidence because the 
probable error is too large in both 
cases. These scores give the first indi- 
cation of a tendency which other as- 
pects of the analysis emphasize in 
various ways, namely that the trait or 
process of attention is not identical in 
the two sets of situations. The com- 
mon use of verbal directions in the 
nursery school may perhaps provide 
the teachers with a better opportunity 
to judge auditory than visual atten- 
tion, and it may be that the ordinary 
judgment of attention is largely based 
upon this type of attention in place of 
any other. 

When results from the entire group 
of subjects in the 2 series are correlated, 
a coefficient of only +.28 +.10 is 
obtained. When the results from 
Group I only are used, the correlation 
is slightly higher, +.39 +.13, and in 
this case, the probable error is rela- 
tively smaller and the coefficient may 
be regarded with more confidence as a 
measure of relationship. It is inter- 
esting to note that when a partial cor- 
relation is made between the scores of 
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Group I on the visual and auditory 
tests with the factor of the teachers’ 
ratings held constant, the self correla- 
tion drops from +.39 +.11 to +.19 
+.10, a significant drop of .2 points 
in correlation, but without a similar 
drop in the probable error. 

These results, then, indicate two 
main trends, namely that auditory and 
visual attention are not identical but 
are probably distinct and specific traits 
or abilities; and secondly, that judg- 
ments of children’s attention tend to be 
more accurate with respect to auditory 
than to visual attention, contrary to 
common supposition. Neither state- 
ment has received sufficient support in 
the data so far cited, but one is justified 
in concluding that such trends are at 
least indicated. 

Differences between Visual and Audi- 
tory Attention. The difference, already 
referred to, between the scores ob- 
tained on the visual and on the audi- 
tory situations in the original experi- 
ment, have been studied from a variety 
of angles. In the first place, very low 
negative correlations are obtained 
when either set of scores is correlated 
with chronological age. The correla- 
tion between the auditory situation 
and age is —.13 +.10 and the correla- 
tion between the visual situation and 
age is —.20 +.11. The relationship 
between the scores on the visual and 
the auditory series has already been 
shown to be represented by the coeffi- 
cient +.28 +.10. If the formula for 
partial correlation is used and age is 
kept constant, the correlation between 
the two series is hardly altered at all, 
since there is only a drop from +.28 
+.10 to +.26 +.11. In other words, 
the lack of correlation between the two 
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tests is apparently not due to age 
differences. 

The influence of the factor of train- 
ing in terms of the length of time the 
individual child had been in the nurs- 
ery school was studied. Group II was 
omitted in this correlation because the 
entire group had entered simultane- 
ously, and from this point of view, pre- 
sented a homogeneous group. The 
children in Group I represented a range 
of from two to twenty-two months in 
the Nursery School, with an average 
length of attendance of a little over 7 
months. A somewhat significant dif- 
ference in the correlations between the 
length of time in the nursery school and 
the two situations appears, for the cor- 
relation between the auditory situation 
and the length of time in the nursery 
school is +.11 +.16 and the correla- 
tion between the visual situation and 
the length of time in the nursery school 
is —.14 +.16. The size of the prob- 
able error in both cases makes it 
impossible to place a great deal of con- 
fidence in either correlation. How- 
ever, it is interesting to see that a simi- 
lar difference between the two aspects 
of attention persists. For Group I the 
correlation between these two aspects 
is +.39 +.13. By means of partial 
correlation, when the length of time 
in the nursery school is kept constant, 
the correlation becomes +.41 +.09. 
Because there is scarcely any change in 
the correlation between auditory and 
visual attention as measured in this 
experiment when the length of time in 
the nursery school is held constant, 
there is indication that whatever the 
difference between the two may be, it is 
not affected by those factors which are 
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altered through school experience and 
training. 

Another measure of the factor of 
training can be obtained by means of 
the standard error of the difference 
between the scores made by Group I 
and Group II on the two series. For 
the auditory scores the obtained dif- 
ference is 108 and the sigma difference 
is +32.9. There is practical certainty 
that the true difference will be greater 
than zero. As far as the visual series 
is concerned, the obtained difference is 
66, the sigma of the difference is +48.8, 
and the chances are 99 out of a hundred 
that the true difference will be greater 
than zero. There is a difference, then, 
between the scores obtained for the two 
groups, but not one which accounts for 
an additional difference between audi- 
tory and visual attention. 

Data with respect to the intelligence 
rating of individual children was only 
available for thirteen children in Group 
I. Owing to the fact that the tests 
were given over a considerable period 
of time, it was necessary to use intelli- 
gence quotient rather than mental age 
incomparison. The range represented 
quotients from 98 to 165 with an aver- 
age of 118. Correlations between 
intelligence quotient and score on the 
two tests indicate differences similar to 
those shown by correlations involving 
length of time in the nursery school. 
The correlation between the auditory 
situation and intelligence is +.34 +.16 
and the correlation between the visual 
situation and intelligence is —.15 
+.18. Although both correlations are 
low and both probable errors are high, 
it is interesting to see that the negative 
coefficient appears once more in the 
case of the visual situation. When 
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intelligence quotient is kept constant 
by means of partial correlation, the 
correlation between the auditory and 
visual situations is only raised from 
+.32 +.17 to +.39 +.09, indicating 
that differences in intelligence are not 
responsible for the differences between 
auditory and visual attention as meas- 
ured by the experiment. 

By means of the standard error of 
the difference the reliability of the 
obtained difference between the aver- 
age scores for boys and girls on the 
2 experiments can be determined. 
For the auditory series there is an 
obtained difference of 21 and a sigma 
of the difference of +32.9. The 
chances that the true difference be- 
tween boys and girls will be greater 
than zero are a little more than half, or 
69 out of a hundred. For the visual 
series the obtained difference is 24 and 
the sigma difference +49.8; the 
chances that the true difference will be 
greater than zero are the same as they 
are in the case of the auditory series. 
In other words the differences between 
the scores made by boys and girls are 
practically identical in both cases, and 
so the discrepancy between visual and 
auditory scores cannot be accounted 
for on the basis of sex differences. 

Having eliminated chronological 
age, intelligence, school experience and 
sex differences as determining factors 
in the apparent differences in auditory 
and visual attention as measured by 
the present experiment, it remains to 
analyze individual differences. Meth- 
ods for treating such data quantita- 
tively are few. However, it is possible 
to correlate scores with certain types of 
overt behavior when they can be sub- 
divided into two categories, by the use 
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of the method for discrimination of 
bi-serial correlation, 
M,— M, r9 


o Zz 


The type of behavior which seemed to 
reappear with most regularity was an 
interest in, and questions about, the 
mechanical origin of the stimulus. 
Such questions took various forms: 


R. D. (58).? 
what it is.” 

G. P. (54). ‘‘What’s it supposed to be? 
Why doesn’t it stay on a long time? Is it 
warm? Is that fire there?” 

D. R. (51). ‘How does it turn on? 
What is it made out of? Is there a light in 
there? Does it go on all night?” 

R. K. (47). ‘“What’s that? What 
makes it go on? Oh, there’s a lady down- 
stairs who makes it go on.” 

M. R. (36.) ‘“Where’d you get this 
thing? Can it burn you? Can I get close 
to it?” 

G. P. (54). ‘What is it? Is it a vic- 
trola? Is it in here? Can I see it?” 


“What is it? I don’t know 


All of those who either asked ques- 
tions or offered explanations of the 
mechanical origin of the stimulus were 
placed in one category, and those who 
did not were placed in the other. On 
the face of it, this may not appear to 
be representative of a normal distribu- 
tion. Although the behavior falls 
easily into two categories, it spreads 
out as a normal distribution from a 
merely passing interest in the me- 
chanics of the stimulus to considerable 
curiosity. The correlation between 
the asking of such questions and the 
total score in the visual situation was 
found to be only +.25 +.10. In the 
auditory situation the correlation was 


2 The numbers in parenthesis indicate the 
child’s age in months. 
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+.49 +.08. The second of the two 
correlations may indicate a tendency 
for the auditory score to depend upon 
interest in the mechanics of the stimu- 
lus. This is not a basis for assuming 
that the difference between auditory 
and visual attention lies in the depend- 
ance of the former upon mechanical 
interest. It is rather an indication 
that the nature of the auditory stimu- 
lus used in this investigation, in order 
to attract and hold attention, pre- 
supposed an interest in what made 
it go. 

What is of much more value than 
statistical treatment of individual dif- 
ferences is a qualitative analysis of the 
individual differences in behavior. 
Although in many cases the same type 
of behavior was displayed in both situ- 
ations, the reactions of T. W. (40) pro- 
vide an interesting contrast. In the 
visual situation in which his score is 
the largest, he walked confidently up to 
the light, stopped suddenly the first 
time it went on, and then nodded his 
head slowly up and down. At first he 
stood very straight with his hands on 
his hips, but soon he began to slump 
and his feet and hands became restless. 
He began to sigh and to breathe 
heavily and to stretch his back and 
shoulders. Finally after fourteen 
minutes he took something from his 
pocket and directed his attention to it 
and so he was told that he might go. 
In this case he quite evidently had 
imposed upon himself the strain of pay- 
ing attention for an indefinite length 
of time, and was not capable of bring- 
ing the period to an end without out- 
side intervention. On the second trial 
his general reaction pattern was similar 
except that after three and a half 
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minutes he said that he wanted to 
leave. During the auditory situation 
none of the strain or fatigue was pres- 
ent and he apparently had no hesita- 
tion about telling the experimenter 
that he was through and wanted to go. 
The antithesis of this behavior is to be 
found in the record of P. K. (29). She 
entered the room during the auditory 
experiment, asked a few questions, 
looked out the window, and then 
started to go out the door when she 
suddenly stopped and said: ‘‘Oh, hear. 
What’s that?” then moved about the 
room some more, so noisily that the 
sound could not be heard, and then left 
the room. Her reaction was both late 
and very short-lived. A great many 
of the children apparently expected 
something to play with and would ask 
for it. F. V. (85) always asked for the 
material of the immediately preceding 
test, no matter in what series he was, 
at the moment, being observed. 
There was considerable divergence in 
the adaptive behavior exhibited during 
the auditory situation. The majority 
of the children were not aware that the 
sound came from the closet, at least at 
first, and generally looked behind the 
screen where the light had been, in an 
effort to locate it. M.R. (36) was the 
only one who thought that the noise 
came from outside the room, and actu- 
ally went out into the hall to find it, 
asking questions all the time. T. R.’s 
(26) exploratory behavior with respect 
to the visual stimulus was unique. He 
blinked his eyes and turned his head 
back and forth apparently duplicating 
the intermittence of the sensation. He 
tapped on the floor and on the wall and 
table, looking quickly around to see the 
light after each tap, evidently seeking 
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some connection between the flashing 
light and his own movements. B. A. 
M. (49) was the only child who noticed 
a thin crack between the screen and 
the wall through which it was possible 
to catch a glimpse of the light as it 
flashed on and off. She tried to run 
around the screen from the light to the 
crack before the light went off. This 
was, of course, impossible but she per- 
sisted in her attempt for some time. 
On the second trial with the visual 
stimulus she repeated this behavior, 
but paid no attention to the same 
screen during the auditory experiment. 

The evidence presented by these 
examples of overt behavior, comments, 
and questions leads but to one conclu- 
sion, namely that individual differences 
are of more importance in an estimate 
of the qualities of attention, than any 
group variations due to age or sex or 
intelligence or training. How much 
these variations are due to individual 
habits of behavior and how much they 
depend upon the situation of the mo- 
ment remains to be seen. Additional 
information with respect to individual 
differences may serve to indicate 
trends, even though they cannot pre- 
sent any positive proof. 

Perseveration. The attempt has 
been made, in planning the two situa- 
tions of the original experiment, to 
eliminate as far as possible the tend- 
ency to perseveration. The results 
from the original experiment have been 
compared with those from the study of 
perseveration made by Cushing. Cor- 
relations between the perseveration 
scores and age, in addition to bearing 
out Cushing’s own findings, show a 
difference in favor of the younger chil- 
dren similar to that found in the origi- 
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nal experiment. When the auditory 
and visual scores are correlated with 
one another, the resulting correlation 
is +.72 +.05. This is an extremely 
significant one, both because it is high 
and can be viewed with confidence, 
and because it is in marked contrast to 
a similar relationship for the original 
experiment, namely +.28 +.10. In 
other words, the evidence points to the 
fact that though auditory and visual 
attention as measured by the experi- 
ment, are two distinct and dissimilar 
factors, auditory and visual persevera- 
tion are similar if not identical. 
Further investigation of these rela- 
tionships was made by correlating the 
visual situations in both experiments 
with each other, and the auditory situ- 
ations with each other. The correla- 
tion between the visual situations is 
found to be +.40 +.09 when all 36 
cases are used and +.47 +.07 when 
only group I is used. Both correla- 
tions are higher than the corresponding 
ones of +.33 +.10 and +.30 +.07 for 
the auditory situations. The relation- 
ships tend to remain much the same 
when the factor of age is held constant 
by means of a partial correlation. For 
the entire distribution, when age is 
partialled out, the correlation between 
the auditory situations becomes + .32 
+.10, and for the visual situations 
+.35 +.10. When length of time in 
the Nursery School is kept constant 
for Group I the relationships are 
scarcely altered at all. For the audi- 
tory situations the correlation becomes 
+.28 +.14 and for the visual, +.49 
+.12. Inneither case is the change of 
any significance except in so far as the 
direction of the change may indicate 
that length of time in the nursery 
school is of more importance with re- 
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spect to visual attention and persevera- 
tion than in the case of auditory. 

The Original Experiment Compared 
with the Shacter Attention Test. The 
two situations from Shacter’s attention 
test have been assumed to be typical 
of most of the tests of attention devised 
for use with young children. The 
scores present considerably less varia- 
tion than is presented by either set of 
scores from the original experiment. 
The coefficient of variability of the 
Shacter attention test is 24.8 while for 
the original auditory series it is 84.9 
and for the original visual series it is 
134.7. However, the present investi- 
gation tends to indicate that individual 
differences are of considerably more 
importance than any group factors. If 
this assumption is true then a test 
which produces a rather homogeneous 
set of scores for attention is apparently 
not a fine enough measure. 

The overt behavior and questions 
which were recorded for individual 
children during the test, were analyzed 
and show that there was no relation- 
ship between the total score and the 
relevancy of the comment made or the 
question asked. There was found to 
be slightly more of a relationship be- 
tween the total score and the ability 
to discriminate form than between the 
total score and the ability to discrimi- 
nate color. 

The chief significance of these re- 
sults lies in the fact that they add fur- 
ther evidence that scores on an atten- 
tion test, in terms of time spent, are 
not descriptive of the attentive process 
at all, and that a study of the qualita- 
tive differences reveals much more with 
respect to the nature of that process 
as it actually is. 

A Comparison of the Behavior of 
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Twins. The present investigation was 
fortunate in having among the subjects 
in Group I a pair of fraternal twins, 47 
months old, whose behavior affords 
interesting contrasts in individual dif- 
ferences. There was considerable 
divergence in the opinions of the judges 
with respect to their attentive behavior 
but when the ratings were averaged 
M.’s (the girl’s) score was 18.3 and B.’s 
was 17.3 while the average for the 
group was only 14.9. Time, both for 
the visual and for the auditory situa- 
tions of the original experiment was 
closely related, but their behavior was 
entirely different. M. came behind 
the screen, turned around almost im- 
mediately and walked out, and then 
walked back in again, saying “Nice. 
See light?” She looked away fre- 
quently and then back at the light 
again each time, saying: ‘‘See, it goes. 
See, can’t see. Pitty. Very nice.” 
B. in the same situation, sat down on 
the floor near the light, then got up on 
his knees. He squirmed around a 
great deal and went in and out several 
times, looking constantly to the experi- 
menter apparently for comment, and 
showing considerable interest in the 
writing of the record. On the second 
trial the behavior closely resembled the 
first in both cases, although the time 
spent was doubled in the case of B., and 
reduced to about a third in the case of 
M. In the auditory situation M. tip- 
toed about the room, and apparently 
located the sound as coming from the 
closet for she stood there a long time 
before going back to her chair to sit 
down. B. moved about a great deal, 
too, but with no apparent purpose, and 
no apparent interest in the sound. All 
three of these records serve to empha- 
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size the fact that a time record of atten- 
tion is not only an inadequate but 
frequently an inaccurate measure of 
the attention. 

A wide difference in total time score 
is to be found in the case of the test for 
perseveration. As might be expected 
from the behavior described above, B.’s 
score is much larger than M.’s, five 
times greater to be exact. B. spent a 
very long time with the electric bell 
pushing it with his thumbs, his fingers, 
against the table top, and even on his 
knees and the toes of his shoes. M., 
on the other hand, merely rang the bell 
a few times and remarked that there 
was “noise in there (pointing to the 
closet). Pitty noise.” They shifted 
their attention on the second trial 
with the auditory apparatus nearly 
the same number of times, M. a few 
less than the average for the group, 
and B. the same number of times more 
than the average. The fact that M. 
was especially apt at sound localiza- 
tion in both the original experiment 
and in the perseveration test may be 
due to superiority in sensory acuity 
over her twin. Such an advantage, in 
this case at least, is interesting in that 
it reduces the total time score on both 
tests, rather than increasing it as might 
be supposed. It would be extremely 
valuable if a high negative correla- 
tion could be found to exist between 
sensory acuity and _ perseveration. 
Since no information on that subject is 
available it is at least interesting to 
note an indication of it in the behavior 
of the twins. Though neither of the 
twins, when they entered the Nursery 
School, five months previously, was 
using normal speech, by the time the 
investigation was carried on, they had 
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both made considerable progress. M., 
however, was the only one who spoke 
at all in either of these experiments. 

With the third series of tests, the 
Shacter attention test, the twins were 
outstanding in that, with one excep- 
tion, they spent the longest time of any 
of the children, their scores being 
almost twice as long as the next longest 
score in the group. They were among 
the few children who used up all the 
materials before stopping; most of the 
children stopped long before the box 
wasempty. Both used the same tech- 
nique in color discrimination. They 
removed a large handful of pegs from 
the box and then picked out of it all of 
one or two colors, laying them aside 
and dropping the rest in the box. 
Though an obvious procedure it was 
followed only in three or four other 
cases. Their method of discriminating 
form was not so strikingly original 
since they merely fitted pegs in beads 
before dropping them through the hole, 
as did a large number of the other chil- 
dren. B. made a single comment dur- 
ing the series. When looking for a 
certain peg, he said, “I want a green 
one.” M., however, talked quite a 
bit, always about the materials. 

These contrasts have demonstrated 
the range of possible individual differ- 
ence in the behavior patterns involved 
in attention. They present as striking 
similarities as they do differences, but 
their chief value in this connection is 
the emphasis they place upon the need 
for a qualitative estimate of the atten- 
tion of young children. 


SUMMARY AND CONCLUSIONS 


The following indications have been 
brought out by an analysis of the data 
obtained in this investigation: 
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1. There is a significant lack of rela- 
tionship between the scores obtained 
on the visual and on the auditory situa- 
tions of the original experiment. This 
lack of relationship between the two 
factors persists even when age, sex, 
intelligence and school experience are 
held constant by statistical measures. 

2. There is a difference in all scores 
between the two groups observed, in 
favor of Group I. However, within 
Group I there is no evidence that score 
is affected by the length of time in the 
nursery school. Therefore, the con- 
clusion is drawn that there are other 
factors of more importance which dis- 
tinguish the two groups from one an- 
other, namely, familiarity with the 
experimenter and with the experi- 
mental room, amount of previous ex- 
perience with the materials, and the 
length of time intervals between the 
tests. 

3. There is apparently little relation- 
ship between such qualitative aspects 
of behavior as relevant and irrelevant 
conversation, form and color discrimi- 
nation, and the total time score. 

4. In the case of perseveration, low 
correlations between total score and 
the number of shifts of attention indi- 
cate that there is no relationship be- 
tween a tendency to perseveration and 
a tendency to shift the attention. 

5. Analysis of overt behavior and 
comments indicates that significant 
variations in behavior do not appear 
in a score for attention based merely 
upon the amount of time spent. 

6. Individual differences in the 
group studied appear to be of a great 
deal more importance than any devel- 
opmental factors, in determining the 
nature and duration of the individual’s 
behavior while attending. The selec- 
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tive character of the sampling, both 
from the standpoint of the age range 
and of the number of subjects, makes it 
impossible to conclude that the above 
statement holds true for the field of 
attention asa whole. It does indicate, 
however, that developmental factors 
may be of less importance than is 
commonly supposed, and that behavior 
patterns exist irrespective of age, sex, 
intelligence or training. 

The most important single conclu- 
sion which is indicated is that auditory 
and visual attention are not identical 
or even similar processes, and that the 
individual’s capacity to attend to one 
type of stimulus is apparently in no 
way related to his capacity for atten- 
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tion to the other. The practical con- 
siderations which are involved, could 
this conclusion be shown to be true, 
are of the greatest importance. Atten- 
tion in education has largely been 
thought of as a unified process. If, 
however, it differs with the different 
senses all material for learning should 
not be presented in the same way and 
adjustments to individual facility 
might bring about a greater increase in 
the ability to learn. The assumption 
that individual differences far out- 
weigh such factors as age, intelligence 
and training, would indicate a need for 
the revision of the norms and stand- 
ards in learning which are based upon 
age or training factors. 
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Development of Motor Control in Young 
Children; Coordinated Movements 
of the Fingers 


MarGARET Karr 


HIS study was undertaken to 
investigate the motor control 
and coérdination of the hand 
and fingers of young children. A par- 
ticular task which involves primarily 
the use of the fingers is set for the chil- 
dren; namely, the manipulation of 
scissors. 

More specifically, this study con- 
cerns finger coérdination with the pur- 
pose of finding: 

(1) The relationship between the 
manipulation of scissors and 
chronological age 

(2) The relationship between the 
ability to cut and mental age 

(3) Additional information as a con- 
tribution to the question of 
handedness 

(4) Sex, individual, and personality 
differences shown in the ex- 
periment. 

Twenty-two nursery school children, 
12 girls and 10 boys, ranging in age 
from twenty-four months to fifty-nine 
months, served as subjects. The mean 
chronological age was 42.5 months; the 
median chronological age was 43.2 
months. Mental ages of the subjects, 
as tested by the California Pre-school 
Schedule I, ranged from 24 months to 


1From the Department of Child De- 
velopment, Mills College. 


381 


71.5 months (with a mean age of 48.2 
and a median age of 52.7 months). 

A series of 22 papers, each contain- 
ing one design was presented to the 
children in a definite order. The 
designs were drawn with black lines 
one-sixteenth of an inch wide on white 
medium weight mechanical drawing 
paper. Each line began on one edge of 
the paper, continued toward the center, 
and terminated with a small gold star. 
The series of designs ranged in com- 
plexity from a number of short vertical 
lines to a twisting line. One paper 
contained a 9-inch vertical line, an- 
other a 9-inch horizontal line, another 
a 12-inch diagonal line. Several 
papers had designs with vertical or 
horizontal combined with diagonal 
lines thus forming angles of varying 
degrees. Three more had each a 
curved line, a semicircle, and a com- 
plete circle. Five of these designs 
which began on the right side of the 
paper were mirror images, i.e., dupli- 
cate designs beginning on the left edge. 
The series was preceded by a plain 
practice sheet. 

A simple frame was originated onto 
which each paper was thumb-tacked. 
The frame consisted of three strips of 
wood forming three sides of a 10-inch 
square, the fourth side being open in 





382 


order that the subject might cut into 
the area. The frame was clamped 
parallel to the table top so that the cut- 
ting space extended between the table 
and the chair in which the subject was 
seated. The device held the paper 
steady, firm, and in a similar position 
for each person tested. 

The scissors used in cutting were the 
steel-bladed and blunt-pointed kinder- 
garten type, with evenly rounded 
metal loops for the fingers, and were 
easy to manipulate. 

The children were tested on school 
days in the morning between nine and 
eleven o’clock. They were brought 
singly into the testing room. Before 
the cutting began, the subjects were 
given certain finger codrdination items 
of the Merrill-Palmer Mental Test. 
Then the frame was clamped into 
place. The child’s knees fitted under 
the extended part of the frame and his 
bent elbow was on a level with the 
table. Such a position was used con- 
sistently for each subject because it 
was the most comfortable arrangement 
obtainable and allowed freedom for 
arm and hand movements. The 
papers were presented in an arbitrarily 
set order. On the practice sheet, the 
subject was told to cut from the free 
edge into the paper anyway that he 
desired. As each paper of the series 
was presented, the child was in- 
structed, ‘‘Cut on the black line, up to 
the star.’ The scissors were laid on 
the paper directly in front of the child, 
handles toward him so that he might 
pick them up with either or both hands. 

The number of papers cut on one 
day varied with the age, attention and 
ability of the subject. On the average, 
four or five papers were presented at 
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each testing period of twenty or thirty 
minutes. At such a rate, at least five 
days were needed to cut the series. 

Several systems of scoring the cut- 
ting results were devised and checked 
one against the other. By examining 
the papers, false moves could be 
counted and recorded for each paper. 
False moves were defined as places 
where the scissors tore the paper rather 
than cut it; places where the child 
closed the scissors the full length of the 
blade and picked up the cut in the mid- 
dle to go on; holes where the ends have 
hit the paper before the blade; side- 
way jags. 

A second method of scoring graded 
the papers for accuracy. Each line 
was divided into three-inch segments. 
If the cut was on the line, four points 
were given for each division. If the 
cut deviated from the black line less 
than one-sixteenth of an inch it was 
graded three points. Two points were 
given for the segment if at any place 
the cut deviated from one-sixteenth of 
an inch to three-sixteenths of an inch. 
One point was allowed if the cut fell 
between three-sixteenths of an inch and 
one-half of an inch. No credit for 
cuts more than one-half of an inch 
away from the line, on either side. 
The perfect score for nine-inch lines 
was 12; twelve-inch lines, 16; fifteen- 
inch lines, 20. 

A third method of scoring is a modifi- 
cation of the one just described. Four 
experienced nursery school teachers, A 
and B from one locality and C and D 
from another locality, cut the series of 
papers under the same specifications as 
the children. Then they rated the 
papers on a scale of difficulty in cutting 
from 1.0 to 5.9. The judges were 
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instructed to keep in mind the motor 
skills of young children. By the 
Spearman rank difference method, 
ratings of 


A and B correlated...... .95+.01 
C and D correlated...... .89+ .03 


The averaged ratings of A and B cor- 
related with the averaged ratings of C 
and D .92 +.02. Because of the high 
correlations obtained, the average of 
all ratings was used as a basis of diffi- 
culty, and the papers were weighted 
accordingly. 


DATA 


Results of the scissor-manipulation 
experiment have been studied with 
reference to chronological age and 
mental age. Only 15 children were 
able to cut the entire series. Their 
records have been analyzed with re- 
spect to handedness, false moves, and 
time required. Further differences in 
the ability of the children in the per- 
formance of this task were also con- 
sidered. 

The weighted and unweighted scores 
of the children were correlated with 
chronological age. Two children who 
cut with one scissor loop in each hand 
were eliminated from the relationship 
on the ground that their ability did not 
show finger coédrdination. The fol- 
lowing correlations were obtained from 
the remaining twenty subjects. 
Spearman rank difference: 


C. A. and unweighted 
.72+.08 


-71+.08 


The relationship between the age of 
the child and his ability to manipulate 
scissors is probably due, in part, to the 
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increased physiological capacity of 
older children. 

Comparison of the ability to cut 
accurately with mental age gave higher 
and more significant correlations: 


M. A. and unweighted 


The greater correlation with mental 
age than with chronological age indi- 
cates that the ability to manipulate the 
scissors is a mental as well as a physio- 
logical accomplishment. For exam- 
ple, the scissors must be held 
perpendicular to the paper, closed to a 
certain degree, guided along the line. 
Some of the designs made it necessary 
to hold the hand in awkward positions 
while cutting. The child’s insight 
into these problems is also involved in 
the correlation of score and mental age. 

The weighted scoring system was of 
value in emphasizing the spread of the 
distribution of the results. A graph of 
these scores displays a bimodal curve; 
one group could cut very little, the 
other group cut well enough to attempt 
to follow the line. This bimodality of 
the curve may be due to incomplete 
sampling of the group studied; but a 
definite attempt was made to obtain 
subjects to fill the gap. These, how- 
ever, were found to cut either accepta- 
bly or practically not at all. The 
question may be raised whether this is 
evidence of a maturational factor, 
whether the ability to oppose thumb 
and fingers in a scissor cutting motion 
appears when the hand has developed 
sufficiently. 

Fifteen subjects cut the entire series. 
In most cases, they were able to manip- 
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ulate the scissors automatically and 
their attention could be focused on the 
line. They could hold the hand steady 
and direct the cutting, while the five 
children who made the lowest scores 
centered their attention on the scissors. 
The first group found difficulties in the 
mirror image lines. In these compli- 
cated situations, they, also, became 
absorbed in their finger coérdination. 
To determine whether speed and 
accuracy go together in this task, the 
following correlations were computed, 
using the Spearman rank difference 
method for the fifteen subjects who 
completed the cutting exercises: 


Median time in seconds 
and unweighted 
— .33+4.16 
Median time in sec- 
onds and weighted 
— .31+4.16 


The correlations might have been 
higher if the time score had been more 
accurate. Since the children stopped 
frequently to talk during the cutting 
of a design, such individual differences 
made this measure only suggestive. 
The correlation between time scores 
and chronological age in this study was 
r = .26+.17. The time required to 
cut did show personality differences for 
the individual children. Some took a 
long time consistently for each paper 
but longer for the more difficult ones; 
others cut the series rapidly ; a few were 
inconsistent. ‘The experimenter’s sub- 
jective judgment, substantiated by her 
acquaintance with the children, is that 
the time scores were characteristic of 
the child’s general reaction. 

The number of false moves of the 
fifteen children who completed the cut- 
ting series were ranked from the high- 
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est to the lowest. Spearman rank dif- 
ference method yielded the following 
correlations: 


False moves and 


False moves and un- 

weighted score ... r = — .76+.08 
False moves’ and 

weighted score.... r = — .81+.06 
False moves and med- 

ian time 0 correlation 


The correlation between false moves 
and chronological age was lower than 
the false moves and mental age. Such 
a relationship suggests that children 
with higher mental ages: 

1. Close the scissors to make only 
the necessary length cut rather 
than closing them the full 
length of the blade 

2. Fit the scissors into the cut and 
proceed evenly 

3. Direct the scissors sideways 
rather than “jag” the scissors 
sideways to get back to the line. 

Subjects who made higher scores also 
made fewer false moves. Children 
who cut slowly did not consistently 
make fewer or more errors than chil- 
dren who cut rapidly. 

All but one of the 15 subjects 
changed from one hand to the other, or 
used the left hand on lines that were 
drawn from left to right. It is true 
that the cutting papers as designed 
encouraged this alternation. The 
assumption was made that the child 
who cut with the right, then left, and 
then both hands on a difficult paper 
showed less consistent use of the right 
hand than the child who alternated 
right and left. Therefore, the subjects 
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were ranked on a scale of diminishing 
use of one hand from right, right and 
left, right and left and both, to left. 
The rankings correlated as follows: 


Consistent use of the 
right hand and 


Consistent use of the 
right hand and 


The findings support the theory that as 
a child grows older, he uses one hand 
more consistently. It is interesting 
to note that the correlation with men- 
tal age is the lower, although some of 
the mirror image papers would have 
been easier for the child to cut if he had 
changed to his left hand. The habit 
formed by learning and maturation 
probably is stronger in the child who is 
older chronologically. 

Four items from the Merrill-Palmer 
tests which involve finger codrdination 
were given all the subjects. 


1, Folding paper 

2. Closing fist and wiggling thumb 
3. Cutting paper into strips 

4. Opposing thumb and fingers 


Eleven children passed the series. The 
median of their weighted score was 656. 
Three children passed 3 items. Their 
median weighted score was 518. Two 
children passed three items with their 
median weighted score 43. Of the 
four children who passed none of the 
tests, three received a score of zero, 
while one made an 8. The 2 children 
who were eliminated because they cut 
with both hands failed on the thumb 
and finger opposition test. Another 
child who failed this item made a cut- 
ting score of 550. The 2 children who 
made the lowest scores for the series 
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failed on both of the finger coérdina- 
tion items. 

The experimenter realized that some 
of the subjects have had more specific 
practice than others. A questionnaire 
was filled out by the writer during an 
interview with each child’s mother. 
The purpose was to divide the children 
into the following classification: 


Group A—cut very often at home 
Group B—cut frequently at home 
Group C—cut occasionally at home 
Group D—never cut at home 


From the groups who do cut at home, 
the girls use scissors more frequently 
than the boys. The median weighted 
scores show that the children who have 
had more home experience can cut 
more difficult papers better than those 
who have had less practice. One of 
the two children who cut with both 
hands fell in group C with a weighted 
score of 422. The other child fell in 
Group D with a weighted score of 14. 
The group who never cut at home was 
composed entirely of children under 
three years of age. 

The children in the same six-month- 
age intervals were matched according 
to sex. Seven pairs were available. 
The median weighted score for the girls 
was 544 and for the boys 477, a differ- 
ence of 67 points. This small advan- 
tage in favor of the girls is hardly sig- 
nificant. It may be accounted for by 
the difference in specific home practice 
or perhaps to an earlier maturation of 
girls. 

The children were allowed to hold 
the scissors any way that they desired. 
Children with the higher chronological 
age were the children with the larger 
hands and they used one finger and 
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thumb to manipulate the scissors. 
The median chronological age of this 
group was 54 months. The children 
with the smaller hands, median chrono- 
logical age 43.5 months, fit two fingers 
into one loop. The youngest children 
had not learned the most efficient way 
of holding the scissors, or perhaps their 
hand muscles are not developed suffi- 
ciently to manipulate the scissors in an 
adult fashion. 

Individual differences in the chil- 
dren’s method of cutting appear in the 
experimenter’s comments. Some have 
used extreme care, watching the line 
attentively. They were apt to cut 
more slowly and to make precise small 
snips. Others slashed one cut after 
another across the paper, closed the 
blade the full length at one stroke. 
They made fewer false moves, but a 
poorer accuracy score than the first 
group. Many of the children steadied 
the scissors by holding the upper blade 
with their free hand; usually the left 
hand did the guiding when the right 
hand was in an awkward or difficult 
position. There was a marked dif- 
ference in the angle at which the scis- 
sors were held. The “best” cutters 
held the scissors so that the inter- 
section was on the line, one blade above 
and one blade below, and the scissors 
perpendicular to the paper. Some 
children cut with their hand above the 
paper, blades pointed down. Others 
cut with their hand below the paper, 
blades pointed up. A more popular 
position, which increased the steadi- 
ness and accuracy, was to slide the 
upper blade along the line and close 
the lower blade up to meet it. Seven 
of the children, all boys, closed the 
scissors so forcefully that the paper 
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tore, sometimes along the desired 
place. One child when cutting a diffi- 
cult line, held his right hand in the air, 
opening and closing the fingers as he 
opened and closed the scissors with his 
left hand. The child displaying this 
bilateral drainage, was aged 44 months, 
group C in home practice, and ranked 
eleventh in accuracy of cutting by the 
weighted score. 

Two of the children could open but 
could not close the scissors; several 
held the scissors parallel with the 
paper so that they made no cut. From 
this group, one boy aged thirty-one 
months, was given 6 practice periods, 
and one girl aged twenty-four months, 
was given 6 practice periods during the 
two months. They were instructed 
how to hold the scissors also how to 
open and close and fit them into a 
paper. At the end of the training, 
the children could make successive cuts 
holding the paper with the free hand. 

The children’s remarks show certain 
personality traits. Some gave up 
easily, saying “I can’t,” with each 
paper presented. Others made posi- 
tive remarks such as, “I think I can 
cut this.” “T’ll try.” Many of the 
children imagined the design to look 
like an object. Several of the older 
children recognized resemblances to 
letters. Some of the children repeated 
syllables or phrases over and over as 
they cut. Several criticized their own 
efforts. Two of the children talked 
incessantly about other matters. 
Many made remarks which were sug- 
gested by the papers or the immediate 
surroundings. All but the smallest 
children made comments about the 
lines, the stars, observing differences 
and similarities between the papers. 
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RESULTS 


Results of this study are merely sug- 
gestive for they are based on a small 
number of cases. They relate to finger 
coordination in a specific task in which 
the child cuts along a line on paper held 
horizontally and firmly for him. An 
analysis of the data obtained leads to 
the following tentative conclusions: 

1. The chronological age of the sub- 
jects determined to some degree the 
ability of the children to cut on the 
line. 

2. The more intelligent children cut 
more accurately than the less intelli- 
gent ones of thesame chronological age. 

3. The graphic distribution of the 
subjects’ cutting scores showed a 
bimodal curve, one group being capa- 
ble of cutting sufficiently well to make 
an acceptable record on the test, and 
one group being unable to manipulate 
the scissors adequately. 

4. There is no significant relation- 
ship between the median time required 
to cut the series and the accuracy of the 
cutting. 

5. Speed in cutting did not increase 
with chronological age. 
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6. The children with higher mental 
ages and the children who followed the 
line more accurately, also made fewer 
false moves. 

7. Consistency in the use of the 
right hand became greater as the child 
grew older in years. The correlation 
was not as great when consistency of 
the hand used was compared with men- 
tal age. 

8. Subjects who passed four finger 
coérdination items from the Merrill- 
Palmer mental test, made higher scores 
on the cutting papers than the children 
who failed one or more items. 

9. The group of children who had 
had more home practice made a higher 
median cutting score than the children 
with less specific practice in using 
scissors. 

10. Sex differences were slightly in 
favor of the girls. 

11. Individual differences in meth- 
ods of holding the scissors appeared to 
be dependent on the size and muscular 
development of the hand. 

12. Methods of cutting showed indi- 
vidual and personality differences for 
each subject. 
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Announcement—this Company has a reputation (earned, we hope) for 
publishing books only of the most sober and upright character. We have 
worshipped at the shrine of the great god Authenticity. Fiction has been 
beneath our snooty notice. 

We now unbend. We announce our first book of fiction. But observe, this 
is no ordinary book of fiction. It is fantascience—i.e. while it is fiction in good 
earnest, to be read solely for the fun to be derived from it, written not to inform, 
or to instruct, or to strike dead in debate, but for the romance of the thing, 
nevertheless the romance is not mere flight of fancy. If the future is prog- 
nosticated, it is a future with seedlings in the present; the author has nct gone 
beyond the bounds of present knowledge. Fantascience is written by and 
specifically for scientists. 
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By JOHN TAINE [Eric Temple Bell, Professor of Mathematics, California Institute of 
Technology] 


OUNG lIangtry, engaged in a routine television experiment 
stumbled upon the basic discovery that made possible the Lang- 
try electronic analyser. 
By means of it any object however ancient or long-buried may be 
accurately dated. Hence the popular name “Langtry clock.” 
By means of it also, just as a phonograph needle makes possible the 
projection of sound, the device applied to any object will 
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reproduce the scenes that have taken place before that 
object. 

Before the Dawn describes those projections. They are, 
mind you, no two-dimensional affairs but diffused in three. 
The narrator walks in the very midst of the scenes. We are 
shown the teeming life of the saurians, nature in one of its 
grand rages of volcanic eruption, of disappearing seas and 
continents; we see the struggle for existence as it was in the 
Mesozoic, and the dying gasp of the great reptiles in a 
gorgeous climax—all, by the literary device, literally through 
the sensations of an eye-witness. 
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